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ABSTRACT 
The tibiae of the Arikara, a Northern South Dakota 
Plains Indian group, are analyzed to establish the biolog­
ical affinities. The sample size is 232 tibiae representing 
153 individuals. Three archaeological sites from the vicin­
ity of Mobridge, South Dakota are represented, and they date 
between A. D. 1600-1832. Both univariate and multivariate 
statistical analyses are used to analyze the data. 
The results indicate that intragroup variation follows 
a uniform pattern allowing the identification of common ele­
ments of tibial morphology. Age-related changes occur in 
several variables for the Larson group for which two ex­
explanations are offered for consideration. No side differ­
ences occur in any variable of the Larson group. As expect­
ed, sex differences occur in practically every variable of 
all three groups. This indicates that size and shape 
variables of the tibia are good indicators of sex. 
The results of the intergroup variation indicate that 
there are significant site differences. No temporal 
patterns are identified for site differences. These results 
agree with several Arikara craniometric studies, but they 
do not agree with all other Arikara postcraniometric studies. 
Perhaps the use of a larger variable set is responsible for 
the samples displaying group heterogeneity. 
iv 
V 
The differences in sexual dimorphism among the three 
Arikara groups indicate that genetic agents rather than en­
vironmental agents are responsible for the changing patterns 
of sexual dimorphism. One temporal pattern is identified 
for the female differences, and this pattern may be associat­
ed with the temporal patterns identified by Puskarich (1984) 
in the female Arikara pelvis. 
In the future, analyses of the tibia should use larger 
variable sets that include cross-sectional geometric vari­
ables in order to prove or disprove the biomechanical ex­
planations presented here. 
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CHAPTER I 
INTRODUCTION 
Over the past century, analyses of the human skeleton 
have played an important part in the growth of physical an­
thropology. The major concern of these analyses has been 
11 with the qualitative and quantitative evaluations 
of human skeletal morphology" ( Armelagos et al. 1982: 305). 
Initially, researchers were preoccupied with accounting for 
variation among living races. The impetus for the. later 
concern with osteological material, especially the cranium 
at first, was actually centered around early attempts to 
determine modern Homo sapiens' natural position within the 
hominid line and relevant to other primates (see Blurenbach 
177 5 and Huxley 1863). An early theoretical perspective, 
" a descriptive-historical model employing racial 
typologies" (Armelagos et al. 1982:306} surfaced, and it 
became we11·received by the majority of researchers in phys­
ical anthropology. This particular theoretical perspective, 
termed the "typological" approach, climaxed with the work 
of Neumann (1952). 
During the past several decades, developments in tech­
nology have contributed enormously to the analyses of the 
human skeleton. 'These new advancements used in skeletal 
1 
2 
biology have been borrowed from numerous disciplines includ­
ing radiology, statistics, computer science, and chemistry. 
However, the early theoretical perspective failed to keep 
pace with these developments, and dependence on this per­
spective has been the main reason other theoretical perspec­
tives' acceptances have been obscured or prevented. 
An alternative to the descriptive-historical model 
has been a ". . population model that stresses functional 
interpretation of morphological features • • •  " and provides 
u 
• a basis for determining the evolution and adaptation 
of prehistoric populations through time" (Armelagos et al. 
1982:306). Inherent in this perspective has been explaining 
patterns of intrapopulation and interpopulation variation. 
This recent theoretical perspective has employed the new 
advancements ·in technology when testing hypotheses in skele­
tal biology. Cadien et al. ( 1974) contend that samples 
of human skeletal material do not represent breeding popula­
tions existing at one time, and as a result, skeletal 
samples simply should not be treated as living populations. 
They argue that random human skeletal samples of a complete 
lineage cannot be used to measure the parameters of a bio­
logical lineage, lineages may be equal but the samples of 
them unequal, and l�neages may be unequal but samples of 
them equal. Regardless of these claims, intrapopulat ion 
and interpopulation variation studies of skeletal samples 
3 
are conducted, and their results are almost always inter-
pretable. The usefulness of this perspective has been 
demonstrated by numerous physical anthropologists whose­
craniometric studies were designed to delineate cranial 
patterns of intrapopulation and interpopulation variation 
within several different contexts (Bass 1964: Howells 1973: 
Jantz 1972, 1973, 1974, 1977; Jantz et al. 1978; Key and 
Jantz 1981; Key 1979, 1982). 
In the past a large majority of studies in skeletal 
biology hav7 followed tradition and employed the cranium 
to explain intrapopulation and interpopulation variation. 
Perhaps the main reason the cranium has always captured the 
interests of physical anthropologists is because of the 
quite noticeable age, sex, and race differences, though 
numerous other reasons exist. Nonetheless, the postcranial 
skeleton has also received a great deal of attention. Ele­
ments of the postcranial skeletons have been used to: 
1. estimate age, sex, and stature (Derry 1909, 1923; 
Todd 1920, 1921a, 1921b, 1921c, 1923, 1930; Krogman 1939, 
1955, 1962; Pyle and Hoerr 1955; McKern 1957; Mc¥.ern and 
Stewart 1957; Stewart 1951, 1954, 1979; Gruelich and Pyle 
1959; Black 1978; Gilbert 1976; Dwight 1904/05; Pons 1955; 
Thieme and Schull 1957; Hanihara 1958, 1959; Pearson 1899: 
Hrdlicka 1939: Dupertuis and Hadden 1951; Trotter and Gleser 
1952, 1958; Keen 1953; Bass 1971). 
4 
2. examine taxanomic, evolutionary, functional, and 
sexual dimorphic primate differences (Oxnard 1963, 1967, 
1972, 1973, 1975, 1977; Broom and Robinson 1950; Lewis 1972; 
Lovejoy 1975; Lovejoy et al. 1976; Lovejoy and Trinka us 
1980; Trinka us 1976a, 1976b, 1977, 1980; Ogden 1974; 
Ljunggren 1975, 1976, 1978, 1979, 1980; Ruff 1984, Ruff and 
Hayes 1983a, 1983; Eveleth 1975; Eveleth and Tanner 1976; 
Frayer 1980; Hiernaux 1968; Gruelich 1951, 1957; Tob1as 
1972, 197 5; Gray and Wolfe 1980; Brace 197 3; Birbeck and 
L_ee 1973; Key 1980; Willey 1982; Zobeck 1983; Puskarich 
19 84) 
3. explain patterns of intrapopulation and/or inter­
population variation of skeletal and living populations 
( Thomson 1889, 1890; Charles 1893; Hrdlicka 1898; Derry 
1907; Parsons 1913-14, 1914-15; Jantz and Owsley 1984a, 
1984 b; Pearson and Bell 1919; Wood 1919-20; Ingalls 1924; 
Hammond 1957; Howells 1951, 1952; Lorr and Fields 1954; Rees 
1950; Schreider 1963; Skibinska 1977; _ Tanner 1964; Thurston 
1947; Vandenberg 1968; Lavelle 1974; Van Gerven 1971, 1972; 
Zobeck 1983; Puskarich 1984). 
The research conducted by Zobeck (1983) and Puskarich 
(1984) is especially relevant to this current inquiry. Ap­
plying a method analogous to the one used by Howells (1973) 
and Key (1982), Zobeck and Puskarich analyz ed metrical data 
from different Arikara Indian postcranial elements to 
5 
examine the intragroup and intergroup variation of these 
Indians of the North American Great Plains. Both of these 
researchers recognized Howells' (1973:146) contention that 
" . population differences in cranial shape are based 
upon traits which have a common ground of individual gene­
tic variation· within all populations 1 , and t}:ley felt that 
Howells' statement might be applied to the post cranial 
skeleton. Zobeck employed the Arikara long bones, clavicle, 
and scapula, and his results differed from results of pre-
vious Arikara craniometric studies. However, Puskar :.ch 
employed the Arikara pelvis, and her results did agree with 
results from several Arikara craniometric studies. 
The objective of the current inquiry is to present 
more information on elements of the postcranial skeleton 
and its ability to explain intrapopulation and interpopula­
tion variation. The postcranial element of this inquiry 
is the Arikara tibia. Two broad questions, similar to those 
of Zobeck and Puskarich, are considered: 
1. Are intragroup patterns of tibial variation 
identifiable in the Arikara? 
2. If intragroup patterns of tibial variation are 
identifiable, what is the relationship of tibial intragroup 
variations to tibial intergroup variation? 
Multivariate statistical procedures, similar to the 
ones Howells ( 197 3), Key ( 1982), Zobeck ( 1983), and 
6 
Puskarich ( 1984) employed, are used to analyze the tibial 
data and answer the previously stated questions. The multi­
variate statistical procedures employed here include princi­
pal component analysis, linear regression analysis, multiple 
linear regression analysis, canonical discriminant function 
analysis, and multiple analysis of variance. The main in-
tent of these procedures is to reveal morphological patterns 
and how these patterns are related to intrapopulation and 
interpopulation variances. Several researcher� (Corruccini 
1975; · 1978; Andrews and Williams. 1973; Zegura 1978) have 
discussed the advantages and disadvantages of these proce·­
dures when determining the natural association between 
living organisms. Corruccini (1978) suggested some prac­
tical considerations while planning and evaluating a morpho-
metric analysis. The four considerations are 11 ( 1) 
the benefit of employing morphometric analysis of a problem 
should be justified, ( 2) the significance of the measure­
ments must be made clear, ( 3) the analytical method must 
be relevant to the problem and not follow a "cookbook" 
approach, and (4) the statistical results should be refer­
able back to the original anatomy" (Corruccini 1978:34). 
Key (1982) has satisfactorily shown that the approach 
Howells (1973) employed to delineate common cranial varia­
tion patterns is also useful for examining microevolutionary 
changes and regional culture-historical questions. This 
7 
type of an analysis requires that the sampl�s being inves­
tigated are temporally and spatially lin:ti ted, and belong 
to the same lineage. Jantz has indicated that the Arikara 
Indians meet these requirements. 
This material is particularly amenable to microevo­
lut ionary analysis for several reasons. First, it 
is circums_cribed in time and space, . ranging from 
A.O. 1600 to 1830, and from Pierre to Mobridge, 
South Dakota respectively. Second, the material 
is either historically documented as Arikara, or 
belongs archaeologically to the Coalescent tradi­
tion, thought by many to be ancestral to the Arikara 
(Wedel 1961:190-200; Hoffman 1967:75; Hurt 1970:207-
13). Finally, environmental changes occasioned by 
European contact presented a situation conducive 
to biological change (Jantz 1972 :20). 
This inquiry will also be directed toward answering 
other questions, such as: 
1. Are there side differences in tibial morphology? 
2.  Are there age changes in tibial morphology? 
3. Do the results here agree with the culture-histor­
ical relationships outlined through other Arikara analyses? 
4. Did environmental factors the Arikara experienced 
have any effect upon tibial sexual dimorphic patterns? 
5. If patterns of intergroup variation in tibial 
morphology are present, how are these differences explained 
by environmental and genotypical differences? 
CHAPTER II 
ARIKARA ARCHAEOLOGICAL· BACKGROUND AND SITE DATA 
Prehis toric and historic Arikara from these archaeo­
logical sites , Mobridge (39WW1) , Larson (39WW2) , and Leaven­
worth (39C09) , are represented in this inquiry. All three 
sites were located in the vicinity of Mobridge, South Dakota, 
near the junction of the Grand and Mis s ouri Rivers ( see 
Figure 1), and the establis hed dates (archaeologically and 
his torically) of the three sites order them in a temporal 
sequence. Table 1 provides general information about each 
s ite that will be discus sed in greater detail in this chap­
ter. Several dis cus s ions of Arikara arachaeology have 
already been publis hed (Deetz 1965; Lehmer and Jones 1968; 
Lehmer 1971; Jantz 1972, 1973; Key 1982). Cons equently, 
o:ily a brief review of Arikara archaeology is presented 
here, and each of the three sites specifically dis cus sed in 
chronological order. 
The Arikara occupied certain portions of the Northern 
Plains area. Willey ( 1966: 312) points out that this 
archaeological spatial division, the Middle Miss ouri sub­
area, includes land along the stretch of the Missouri River 
that runs through North and South Dakota. The Arikara spoke 
a Caddoan language very similar to that of the Central 
8 








Table 1. General Site Data. 
Tribe Date Range Median Date 
Extended 1600-1650 1625 
Arikara 1675-1700 1687.5 
Arikara 1679-1733 1706 
Arikara 1802-1832 1817 
Variant 
Extended Coalescent 
Post Contact Coalescent 





Plains Skidi Pawnee and Southern Plains Wichita; therefore, 
Wedel ( 1936) and Deetz ( 1965) believe the linguistic evi­
dence and tribal traditions support the Arikara originating 
in Nebraska and later migrating northward. Around A.O. 1000 
evidence of agricultural products appears in the archaeo­
logical record of the culture known as the Plains Village 
Pattern (Lehmer 1971:27). 
Lehmer ( 1971: 27) divides the Plains Village pattern 
into three cultural traditions, the Central Plains, the 
Middle Missouri, and the Coalescent. The Central Plains 
and Middle Missouri Traditions span nearly the same early 
periods of time. Archaeological evidence indicates that 
in late prehistoric tfmes, these two earlier traditions 
blended together, forming the later Coalescent Tradition 
which includes the Arikara, Mandan, Hidatsa, Pawnee, and 
others. Also, Jantz (1977), using analyses of craniometric 
data to support the relationship for two of the Traditions, 
finds that the Arikara crania of the Coalescent Tradition 
resemble the St. Helena Phase crania of the Central Plains 
Tradition. 
Lehmer (1971:33) further divides the Coalescent Tradi­
tion into four temporal variants: Initial Coalescent (A.O. 
1400-1550), Extended Coalescent (A.O. 1550-1675), Post Con­
tact Coalescent (A.O. 1675-1780) and Disorganized Coalescent 
(A.O. 1780-1862). This inquiry includes tibiae from the 
three Arikara sites representing the later three variants. 
12 
The Mobridge site (A. D. 1600-1700) represents the later half 
of the Extended Coalescent as well as the first half of the 
Post Contact Coalescent, the Larson site (A.D. 1679-1733) 
represents. the Post Contact Coalescent, and the Leave�worth 
site (A.D. 1802-1832) represents the Disorganized Coalescent 
(Jantz and Owsley 1984a). The Larson and Leavenworth sites 
are single occupational components while the Mobridge site 
has two occupational components, Feature 1 and 3 represent­
ing Component 1 (A.O. 1600-1650) -and F�ature 2 representing 
Compdh�nt 2 (A.O. 1675-1700) (see Table 1). The median date 
presented for Component 2 of the Mobridge site ( see Table 
1) may be incorrect because significant differing percen­
tages of European trade goods were recovered from Feature 
2 by different individuals during separate field seasons 
(Willey, personal communication). 
During the early part of the 16th century, the ances­
tors of the Arikara split from the Skidi Pawnee of Nebraska 
and began to gradually migrate north away from the Loup 
River area up along the Missouri River. Deetz ( 1965) and 
Lehmer ( 1970) suggest that the impetus for this northward 
migration was Central Plains droughts which occurred during 
the Pacific I climatic episode. At first the Initial Co­
alescent immigrants encountered opposition along the way. 
This is indicated by evidence of large fortified villages 
such as the Crow Creek massacre site which belongs to the 
Initial Coalescent ( Willey 1982). This characteristic is 
13 
atypical of the earlier Central Plains. Ancestors of the 
historic Mandan, a group culturally, linguistically, and 
biologically different from the Arikara (Jantz 1973), were 
probably the people that opposed this encroachment. With 
time the opposition declined, gene admixture probably re­
sulted (Jantz 1973), and scattered villages without forti­
fication occurred. This recurrence of the old settlement 
pattern is one characteristic of the next variant, the Ex­
tended Coalescent. 
· The archaeological record provides information to sug­
gest that during the Extende� Coalescent, exposure to other 
climatic changes of another climatic episode, the Neo-Boreal, 
apparently also affected Arikara lifeways. Lehmer ( 19 70) 
believes this ep�sode began circa A. O. 1550 and is charac­
terized by lower summer temperatures. Consequently, Lehmer 
(197 0) suggests that the cooler summers would have reduced 
the available biomass of edible crops and supplied the stim­
ulus behind reduction in occupation time of a village as 
w�ll as reduction in village size. As the number of occu­
pied villages declined, large areas. were deserted. Lehmer 
( 1970) concludes that the Extended Coalescent people had 
a difficult time procuring enough food and that village 
communities were tyipcally small and mobile. Perhaps this 
is why the Mobridge site was occupied at least twice. 
14 
The Mobridge site, a protohistoric Arikara occupation, 
typifies the Extended Coalescent settlement patterns. 
Located on the east bank of the Missouri River in north­
central South Dakota, the v�llage was large and unfortified. 
The three spatially distinct cemeteries have yielded the 
lergest number of skeletons from a single site in the North-
·ern Plains. Features 1 and 3 were located atop knolls west 
of the village area, and Feature 2 was located on a broad 
slope south of the village area. The burials excavated by 
Bass were usually flexed, and most were wood-covered like 
the contemporary Arikara burials at the Rygh site ( 39CA4). 
Palkovich (1981), using the osteological materials recovered 
by Bass, Stewart and Ubelaker, provides a demographic analy­
sis of the Mobridge site and concludes that infectious 
diseases were already affecting the Arikara mortality pro­
files prior to known European contact. 
As mentioned ear lier, the archaeological evidence ( a 
very small percentage of burials containing European glass 
beads) and osteological evidence (Arikara crania) strongly 
suggests that at least two occupational components existed 
(Wedel 1955; Owsley et al.· 1982). Nevertheless, by the time 
of the Lewis and Clark expedition, the Mobridge site was 
abandoned possibly due to pressure from the Dakota to the 
East. This pressure once again resulted in the formation 
of compact fortified villages on the Missouri River. The 
Larson site (A.D. 1679-1733), representing the early and 
15 
middle Pos t Contact Coalescent, might have been one of these 
villages which resulted as a direct result of the Dakota 
encroachment. 
Within the Post Contact Coales cent, good fortune be­
fell the Arikara. Their s ucces s can be attributed to their 
acquis ition of the horse from southwes tern Spanish sEttle­
ments ( Haines 1938a, 1938b) and becoming middlemen in the 
fur trading bus iness ,  a role that brought them a consider­
able degree of prosperity. The horse also enabled them to 
become more efficient hunters (Wissler 1914; Holder 1970). 
The Larson site is identified by Lehmer (1971) as be­
longing to the Pos t Contact Coalescent. Jantz ( 1973) and 
Jantz and Ows ley (1984a) used European tr ade goods to demon­
strate the ass ociation with the protohis toric period, and 
Jantz (1973, 1977), Lehmer (1971), and Lin _ (1973) have in­
dicated Arikara tribal identification us ing archaeological 
data and craniometric analys es. This site, located a few 
miles downstream from the Mobridge site, cons is ted of a for-
. t if ied earth lodge village and a cemetery. The horticul-
tural village was located on a high terrace overlooking the 
Missouri valley while the cemetery was on a slope approx-
imately 100 to 300 yards northeast of the village. The 
cemetery' s slope and sandy soil allowed for good water 
drai_nage. With the absence of stagnant water, minerals 
could not be leached out of the os teological material, and 
comparatively speaking, the bones remain in excellent 
condition. 
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This topographic character is tic and the fact 
that the Larson site cemetery " . comprises the largest 
available (n=628 skeletons) from a single occupational site 
in the Northern Plains" (Owsley and Bass 1979: 145) contri­
butes to the unbalanced design in this inquiry. 
Owsley et al. ( 1977) , using a skeletal pathological 
analysis of the village osteological material, provide evi­
dence which demonstrates that the Larson site Arikara were 
massacred. Evidently, the fortification around the village 
wcs not successful. Owsley and Bass ( 1979) provide vital 
·statistics of the cemetery archaeological material. Even 
though the Arikara of the Post Contact Coalescent were pros­
perous at first, they conclude that pregnancy complications, 
starvation, diseases, and intertribal warfare resulted in 
a rapidly declining Arikara population during this variant 
( Owsley and Bass 1979) .  Later archaeological sources sup­
port their conclusion. Undoubtedly, as contact with 
Europeans increased, so did outbreaks of European introduced 
epidemic diseases (smallpox and measles) among the Arikara. 
One smallpox epidemic circa A.D. 1781-1782 annihilated 75� 
of the population ( Lehmer and Jones 1968: 91) . Nasitir 
(1952: 299) estimates the aboriginal Arikara population, 
approximately 30,000 (Hqlder 1970: 30) , was once distributed 
among 32 villages. By the beginning of the Disorganized 
Coalescent ( A. D. 1780) , only three villages remained in 
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exis tence (Lehmer 1971), and the Arikara had been greatly 
reduced in number (Hodge 1907-10:83; Thwaites 1904-1905). 
The Dis organiz ed Coales cent stands for the his toric 
Arikara, Mandan, and Hidats a time period. Deetz (1965) in­
dicates that the Arikara of this period lived in clustered 
villages . The Leavenworth site is one of the few A:: ikara 
villages to exis t during the final variant of the Coales cent 
Tradition. The site is documented his torically to be 
Arikara by the Europeans and Americans who travelied through 
the area (s ee Bass et al . 1971:2 2 -2 9  for a summary of vis i­
tors to the Leavenworth site) . Furthermore, over 50% of 
the burials at the Leavenworth site contained European glas s 
beads (Jantz and Ows ley 1984a). The Disorganized Coales cent 
aLd the Plains Village Pattern ended in 1862 with the be­
ginning of the reservation period. 
The Leavenworth site was located on the Mis souri River 
approximately 10 miles upstream from the Mobridge site. 
The village, split by a s mall tributary, was on the firs t 
terrace above the river. Two cemeteries of the Leavenworth 
site were behind the village and on a higher terrace. One 
cemetery contained only several scattered, unarticulated 
burials with very few grave goods while the other cemetery 
cJntained many concentrated, primary burials with many grave 
g:)ods. Wedel ( 1955: 80-81) provides a good summary of the 
length of time the Leavenworth site was occupied. 
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From their demographic analysis, Bass et al. ( 1971: 
159-161} conclude that the Arikara population at the 
Leavenworth site was continuing to decrease. They attribute 
this to the high crude death rate, particularly the high 
mortality rate prior to age four years. This is not con-
sidered unreasonable in view of the diseases, warfare, and 
cultural disintegration (Bass et al. 197 1} . The Leavenworth 
site was apparently abandoned circa A. D. 1832 by the Arikara 
because of their f�ar of the Sioux, their expectation of 
more American military attacks, drought destroying their 
crops, and decreasing numbers of bison, the food source that 
in the past substantially contributed to the. Arikara subsis­
tence (Bass et al. 1971} . 
The Arikara, like other Northern Plains Village groups, 
had a subsistence heavily based on plants from their gardens 
and meat from big game hunting, especially bison and ante­
lope (Lehmer and Wood 1977}.  The Missouri River floodplain 
and its adjoining terraces were the locations for their gar­
de�s where they cultivated corn, beans, squash, sunflowers, 
gourds, and tobacco (Lehmer and Wood 1977). Initially, 
hunting probably required a great deal of vigorous physical 
activity except when the opportunists hauled out drowned 
bison carcasses and killed migrating antelopes as they 
crossed the river. The subsequent introduction of the horse 
reduced the effort required for· hunting and other chores. 
The Missouri River also provided a significant travel route 
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and another food source, fish, was available. Nowhere else 
in native North America did such an ecosystem exist within 
which the inhabitants equally relied on horticulture as 
well as hunting to sustain them (Lehmer and Wood 197 7). 
CHAPTER I I I  
MATERIAL 
The osteological material used in this inquiry repre­
sents the prehistoric and historic Arikara. The cemeteries 
of the three sites, Mobridge ( 39WW1), Larson ( 39WW2), and 
Leavenworth (39C09), were excavated by William M. Bas s an d 
his University of Kansas field crews during the 1960 ' s, and 
the osteological material they recovered is presently housed 
in the Department of Anthropology, University of Tenness ee , 
Knoxville. In addition, the material used here consis ts 
of 232 adult tibiae, 120 right-sided bones and 112 left-
sided bones . Altogether, 153 individuals are represented, 
77  males and 76 females. 
In addition to the osteological material excavated 
by Bass at Feature 2 of the Mobiidge site, T. Dale Stewart 
and Douglas Ubelaker excavated material from the same fea­
ture during the field season in 1971 .  The material they 
collected is currently housed in the Department of Anthro­
pology, Smithsonian Institution and is not included in this 
analysis. 
preclude 
The small sample sizes of Features 1 ,  2, and 3 
their use as separate samples here ; therefore, 
these features are considered together, not separately. 
Thus, the Mobridge sample here is represented by Component 
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1 which corre sponds t o  the Ext ende d Coalescent , and Compo-
nent 2 which corresponds to  the Post  Contact Coalescent . 
Metric Var iables  
Fourteen tradit ional tibia measurements were colected 
by the author on each  spe c imen . Table 2 prcvide s t�e code 
name , me tric var iable , and ins trument employe d . Figure 2 
provide s four v iews of a r ight tibia , and t he f irst  1 3  
me as urements are indicated . T.he measurements  are de f ined 
by Bass ( 19 7 1 ) , Mar t in and Saller ( 1 9 5 7 ) ,  H� tte=  and S cott  
( 1 9 4 9 ) Go ldge fter et al . ( 19 8 0 ) .  All  measurements  were 
taken to  the neares t millimeter or t�  the neares t de gree , 
and le f t  and right t ib iae of  the same individual were treat ­
ed separ ate ly . The me tal  tape was pul led t i ght arc und the 
s haft for c ircumference meas urements , and it  did not nece s ­
s ar i ly conform with the shaft contours . Only mature speci­
me ns disp laying fused dis tal  and pr ox imal ep iphys es and 
intact  s hafts  were meas ured . This requireme nt was a neces ­
s ity to properly measure the t ibial tor s ion angle . No me as ­
urements were est imated because accurate  measureme nt of  the 
· tors ion angle re lied on ac curate meas urement of · var iables 
8-13  ( see  Table 2 ) . These  s ix meas urements would have mos t 
often re quired an e stimat ion because of small  mis s ing edges  
of the dis tal or  prox ima l art icular s urface s . Furt hermore , 
2 2  bones were exc luded from the s tudy because they· had ob­































Table 2 .  Me lr ic Var iable s in Order Meas ured . 
Me tr ic Var iable 
Maximum t ibial length ( t ip o f  the medial 
malleolus to  the mos t prominen t  part of lateral 
half of lateral condyle ) 
Anter ior-pos ter ior diameter at nutr ient  foramen 
Medial- lateral d iame ter at nutrient foramen 
Distance from t he mos t prox imal point o f  the 
lateral in te rcondyloid t uberc le to  t he mos t 
dis tal point o f  the nutr ient  foramen 
C ircumfere nce at nutr ient forame n 
Circumfere nce at midsha f t  
C ircumference a t  t he midpoint  be tween mids haft  
and the mos t dis t al point  o f  medial ma l leolus 
Anter ior-pos terior dis tance on the medial 
side of t he dis tal art icular surf ace 
Anter ior-pos terior d i s t ance on the lateral 
s ide of the d is tal art icular s urface 
Breadt h of d is tal art icular s urface 
Greatest  anter ior -pos ter ioi distance of 
medial condyle 
Greates t  anter ior -poster ior d istance of lateral 
condyle 
Breadth of proximal art icular sur face 
T ibial tors ion angle 
I ns trument Empl_p_yed 
Osteome t r i c  board 
S lidin g calipe r 
Sliding ca liper 
Sl id ing caliper 
Metal tape 
Me tal tape 
Metal tape 
S l iding cal iper 
S l iding ca l iper 
S l iding caliper 
S l iding caliper 
S l iding calipe r 
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Figure 2. Four Views 0£ a .Right Tibia . 
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The me as urement and recording of var iables 1- 1 3  could 
be performed in a mat ter of minutes . However ,  the. procedure 
to me as ure the tors ion an gle of ten involved f ive to s ix 
t ime s the t ime re quired for the f irst  1 3  meas urements . For 
this reason , an in-depth descript ion of the steps take n to 
me asure the tibial tors ion angle is provided .  
After me as urements  of variab les 8- 13  ( see  Table 2 )  
we re taken and recorded ,  the midpoints of MDA , LDA , DMC , 
and DLC were determined and demarcated wit h a wax pencil . 
The line pas s ing through the midpoints of MDA and LDA repre ­
sented the dis t al transvers e ( or ep iphys eal ) ax is , an 
imaginary l ine that coinc ided with the breadth of the dis t al 
art icular s ur face ( BDA ) . The midpoint of BDA was the n  de ­
termined and indicated in the s ame manner . The l ine pas s ing 
through the midpoints  of DMC and DLC represented the prox i ­
mal transverse ( or ep iphys eal ) ax is , a n  imaginary line that 
coinc ided wit h the breadth of the prox imal art icular s ur f ace 
( BPA ) . The midpoint of BPA was then determined and a lso 
indicated with a wax pe nc il . The imag inary line conne ct ing 
the midpoints of the breadths of the dis tal ( BDA ) and prox i­
mal ( BPA ) art icular surfaces  . .  represe nted the longitudinal 
ax is  of the t ibia . 
Us ing a pos itioning  device ( see Figure 3 )  devised by 
the aut hor from a dri l l-powered wood lathe , t he long itudinal 
ax is of the t ibia  was he ld perpendicular to the s urface on 
which the pos ition ing device and ot her meas ur ing  devices 
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Figure 3. Positioning Device and Bone Stand. 
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were resting. Placing the midpoint of BDA on the bottom 
metal point of the positioning device, the proximal end was 
moved around until the midpoint of BPA aligned with the top 
metal point of the positioning device. The top metal point 
of the positioning device was then lowered and allowed to 
rest at the midpoint of BPA. The clamp holding the top 
metal point in place was then tightened. The longitudinal 
axis of the tibia was then perpendicular to the working sur­
face, and large right triangles were used to insure that 
the positioning device remained perpendicular with the work­
ing surface. The bone retained this position throughout 
the remaining procedures. 
A bone support with two three-prong clamps extended 
outward was then placed on the working surface adj acent to 
the tibia held in place by the positioning device. One of 
the three-prong clamps was placed on the proximal half of 
the bone while the other was placed on the distal half of 
the bone. Both of the three-prong clamps were then simul-
taneous ly tightened around the shaft of the bone in o'rder 
to prevent any sw�ying of the bone by a clamp. Then, the 
top clamp of ·the positioning device was loosened and the 
bone �emoved. As long as the bone support was r�sting on 
any flat surface, the longitudinal axis of the tibia it was 
holding remained perpendicular to the flat surface. 
While the bone support held the tibia in place, small 
portions of modeling clay were attache� to the lateral and 
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medial aspects of both the distal and proximal articular 
surf aces. Two surgical steel rods , eight inches long and 
two and one-half millimeters in diameter , were obtained for 
use to serve as the transverse distal and proximal articular 
axes. First, the line passing through the midpoints of MDA , 
LDA, and BDA were noted on the distal articular surf ace. 
A rod was then placed over the surface and rotated until 
view of all three midpoints was obscured. The rod was then 
pressed into the modeling clay and held in place. The posi­
tion of the rod accurately represented the distal transverse 
axis. The same rod placement procedure was carried out on 
the proximal articular surface, using the line that passed 
through the midpoints of DMC , DLC , and BPA. The lateral 
and medial protrusions of the rods on the distal and prox­
imal ends of the bone allowed for facilitated rneas ;.1rement 
of the tibial torsion angle. 
The tropometer , a transparent eight-inch-diameter 36 0-
degree protractor with two narrow pointers bisecting the 
center and rotating around it, was placed atop a thin sheet 
of plate glass mirror which lay flat on the working surface. 
The bone support , holding the tibia with the metal rods in 
place , was positioned adj acent to the tropometer. The cen­
ter of the tropometer (beneath the tibia) was then aligned 
with the midpoint of BOA where the longitudinal axis of 
the bone passed. A pointer was aligned with the zero degree 
line on the protractor , and then the entire tropometer was 
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rotated until the lower steel rod, its mirror image, and 
the zero degree pointer were all in the same vertical plane . 
Next, the other pointer was rotated until it was in the same 
vertical plane as the upper steel rod and its mirror image . 
The angle formed by the two pointers on the protractor rep­
resented the tibial torsion angle in degrees ( see Figure 
4) . In  the left tibia, the clockwise rotation from the zero 
degree line was positive for external torsion and counter­
.clockwise rotation from the zero degree line was negative 
for internal torsion . In the right tibia, clockwise rota­
tion from the zero degree line was negative for internal 
torsion and counterclockwise rotation from the zero degree 
line was positive for external rotation. 
One should keep in mind that because the steel rod 
on the distal end of the tibia is aligned with the zero 
degree pointer, the tropometer measures the torsion as 
though twisting of the bone occurred in the proximal half. 
I n  vivo the twisting of the tibia occurs in the distal half, 
and this twist is the opposite direction of the twist which 
· is measured in the proximal half . For example, when measur-
ing the torsion in the left tibia, a clockwise rotation of 
the proximal half ( steel rod) indicates that in vivo the 
rotation in the distal half is counterclockwise. To coin-
cide with what actually occurs, this clockwise rotation of 
the proximal half is considered positive because the 
measurement indicates an external rotation occurring in the 
Figure 4 .  Bone Stand and Tropometer . 
'
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dis tal half . rn · ot her words , whatever occurs in the dista l 
end is the opposite of whatever seems to occur in the proxi­
mal end. 
Sex and Age Estimation 
The sex and age estimations were previous ly made by 
two investigators , Douglas W .  Owsley and Ann M .  Palkovic h .  
Owsley kindly provided me with the sex and age estimations 
he made on the Larson and Leavenworth skeletal material . 
The age and sex estimations for the Mobridge skeletal mater­
ia l were made by Palkovich .  Her data is on file in the 
Department of Anthropology , University of Tennessee , 
Knoxville and ·made available to me by Patrick Willey . As 
a result of employing sex and age estimations from two in ­
vestigators , inter-observer error is possible in this in ­
quiry . For sex and age estimation met hods used , see Owsley 
( 19 7 5 ) and Palkovich ( 19 7 8 ) .  Table 3 provides the number 
of males , females , and totals of the tibia sample . 
For the purposes of this inquiry , t he individuals were 
divided into five age groups . The first adult age category 
is five years , and t !'le next four age categories are ten 
year intervals . Hopeful ly , t his reduces t he problem of in ­
terobserver error of age estimation . Table 4 provides the 
age categories employed here , the total number of individ ­
uals in each age category by site , and the breakdown of 
males and females . 
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A9! Grou2 15-19 
3 9WW1 2 1 ma le 
35  total  1 female 
3 9WW2 9 3 male s 
10 1 total  6 female s 
3 9C09 1 O ma le 
17 total  1 fema le 
12 
Table 4 .  Age Group Distribut ion s . 
20-29 30-39 
8 4 ma les 15 8 ma le s 
4 fema les 7 fema leR 
2 2  1 0  ma les 4 8  2 7  males 
12 females 21  fema les 
5 5 ma les 9 4 ma les 
0 fema le 5 females 
15 72 
40-49 
4 3 males 
1 fema le 
12  5 males 
7 fema les 
1 1 male 








6 fema les 
5 males 
5 fema les 
1 ma le 




STAT IST ICAL METHODS AND RESULTS 
This inquiry used several s tat is tical met hods . Firs t ,  
an error analys is was conducted to examine random and dire c­
tional measurement error . This was accomplis hed by cal­
culat ing corre lat ion coe f f ic ients , T values , and the ir 
s ign if icant leve ls . Se cond, des crip t ive s tatist ics were 
ca lculated for the raw data . Finally , univariate and mul t i ­
variate s tat is t ical methods were us ed to examine int ragroup 
and intergroup variat ion in the adult t ibiae of thre e 
Arikara s ke le tal sample s . 
Princ ipal component analys is was used to examine the 
Ar ikara intragroup t ibial variat ion .  Only spe c imens from 
the Lars on s ite were us ed to  examine age change s of vari­
ables be cause in this samp le , each age group was represented 
by bot h s exe s . Simple linear re gre s s ion analys is  was us ed 
to exp lore the pos s ibil ity of age changes .  Only Larson in­
dividuals with both s ides measured we re us ed to examine 
intragroup variat ion of s ide dif ferences  becaus e the number 
of indiv iduals repre sented by both t ib iae was greatest  for 
this sample . Paired T te st  was us ed to  examine the pos s i­
bility of intragroup s ide variat ion . Init ially , mult ip le 
analys is of variance ( MANOVA ) was us ed to determine if 
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significant intragroup sex variation occurred . Canon ic a l  
discriminant function analysis was used to  calculate the 
pooled within-groups correlation matrix from which the prin­
cipal components were calculated. 
vided group means on canonical 
This procedure also pro­
variables and Mahalanobis 
distances between the groups. Using the raw de. ta , MANOVA 
was used again to see if significant intergroup variation 
oc curred. Consequently , positive results were obtained from 
this second MANOVA and multiple linear regression analysis 
and least-squares means calculated for each variable to con­
trol for age and determine if intergroup variation still 
occurred. The last procedure involved another MANOVA using 
princ ipal component scores to determine which components 
contributed to the overall signifi cant inter�roup variation 
among the sites , the sexes , and their interaction . 
Measurement Error 
The author took all measurements. Consequently , in-
terobserver measurement error is not a problem. Steps were 
followed to minimize intraobserver measurement error , errors 
which Utermohle and Zegura ( 1982) found to be consistent 
when they examined the _ nature and degree of intra- and in­
terobserver error in craniometry. 
First , measuring techniques were practiced on anatomic 
spec imens from a biological supply house before proceeding 
to Arikara specimens. Measurements TML, APN , MLN, ITN , CNF , 
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CMS , C MH , BOA , OMC , OLC , and BPA ( s e e  Table 2 )  we re eas i ly 
rep l icab le , but me as ureme nt s  MOA , L DA and TTA we re not s o  
e a s i ly rep l i c ab le . I t  be c ame app arent t hat me a s ureme n t s  
MDA a n d  L OA ,  a n  anter ior- pos ter i or dis t ance on t he me d i a l  
s ide o f  the d i s t a l  art ic ular s ur f ace ( MOA ) a n d  a n  ante r ior­
p 0 s te r ior d i s t ance on t he lateral s ide o f  t he dis t a l  ar t ic ­
ular s ur f ace ( L DA ) , we re me a s ured from i l l - de f ined po in t s , 
and as a re s u l t , emp has is was p l aced on t he t wo me a s ureme n t s  
t o  min im i z e  error . Furt he rmore , me asureme n t 14 , t he t ib i a l  
t ors ion angle ( TTA ) , re l i e d  he av ily o n  t he pre c i � e  me a s ur e ­
me nt o f  MOA and LDA . Me asur i ng TTA re qu ired the gre a t e s t  
amount o f  t ime and me t icu lous wor k b y  t he aut hor t o  deve lop 
the expert ise to make t his var iab le ' s  me a s urement rep l icab le . 
S e cond , an at temp t was made t o  us e the s ame ins tru­
me n t s  thr ougho ut t he data c o l le c t ion proce s s , and t he s e  
i n s t r ume nt s we re c a l ibrated occas io n a lly . The i n s t r ume n t s  
we re he ld t he s ame way , a n d  the t ib iae were pos i t ioned t he 
s ame way . T he s e  s t eps reduced t he intraobserver error . 
Third , re ading me as ureme n t s  f r om -t he in s t r ume n t s  i n ­
corr e c t ly , re c ordi n g  me a s ureme nt re adings incorrec t ly ,  and 
punchin g c omputer c ards incorre c t ly we re errors t hat t he 
author e ncountered i n f re que n t ly . Other act ua l  or potent i a l  
error s ource s probab ly e x i s ted t hat t he aut hor did not 
re cogn i z e , ye t all a t t emp t s  we re made t o  c orre c t  error s 
3 6  
be fore entering the raw data int o the DEC SYSTEM 10  computer 
at the Un ivers ity of Tennessee , Knoxville . 
Although meas urements were take n care fully ,  the author 
felt it was neces s ary to conduct an ana lys is  of intraobser­
ver error to de termine the magn itude . This  was done by 
repeat ing  each me as urement on 2 3  r andomly se lec ted tibiae 
and enter ing these data int o the c omputer . Then , the CORR 
procedure of SAS ( SAS I ns t itute , I nc . , 1982 ) was us ed to  
calculate corre lat ion coef f ic ients  and probability  leve ls 
us ing · � dat a set  cre ated by merging  the or i g inal measure ­
ments  and repe ated meas urements from the s ame 2 3  t ib iae . 
The res ults o f  this type of a s tat ist ical procedure are in­
dicat ive of  random error . 
Thirteen corre lat ion coe f f i c ients  are greater than 
or equa�  to . 9 484 . In other words , 89 . 9 5 %  ( r 2 ) or more of 
the var iat ion in  these 13  me as ureme nts  is due to  the bone 
and 10 . 0 5 %  or less  of the var iat ion in these 13 measurement s 
is  due to meas urement error . The smalle st  correlat ion co -
ef f ic ient is . 86 4 4 . This corre lat ion coe f f ic ient , not un -
expectedly , be longs to  the var iable LDA .  For this meas ure ­
ment 7 4 . 7 2 %  ( r 2 ) of the variat ion is  due to  the bone and 
2 5 . 28% of the variat ion is due to measurement error . As 
previous ly ment ioned the landmarks for LDA are i l l -de f ined , 
and this problem become s even  more apparent in  this error 
analys is . Perhaps the pre sence of s quatting  f acets · on the 
lateral anter ior mar gin  of  the distal extremit y  of  the t ibia 
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make s it  d i f f icult t o  locate t he anter i or mar g in of t he dis ­
t a l  ar t icular s ur f ace ( S at i no f f  1 9 7 2 ; Rao 1 9 6 6 ; S i ngh 1 9 5 9 , 
1 9 6 3 ; Thoms o n  18 8 9 ) .  
The error ana lys i s  als o inc luded p a ired T t e s t s  t o  
t e s t  f o r  d irect ional e rror . The MEAN S procedure o f  SAS ( S AS 
I ns t i t ut e , I n c . 1 9 8 2 ) was us e d  to c a lculate T va l ue s  and 
t he p�obab i l i  t ie s . S urpr is in gly , t he only var i ab l e  wit h  
a lar ge T value , 4 . 1 2 ,  ( p ( T )  = . 0 0 0 5 ) i s  t he max imum t ib i a l  
le ngt h ( TML ) . Furt her, inspect ion o f  the or i g in a l  me a s ure ­
me nt s and repe ated me as ureme n t s  o f  t he 2 3  t ib i ae s hows t ha t  
1 6  of t he 2 3  ran dom TML s  are le s s  t han t he or ig inal TML s 
by seve r a l  mi l l ime ter s . The me an f or t he ran dom TML s · i s  
3 6 6 . 4 8  m i l l ime ters , and t he me an f or the or i g in a l  TML s i s  
3 6 8 . 3 0 m i l l ime ters . The on ly e xp lanat ion t hat can b e  o f fe r ­
e d  he re for t hi s  direc t io n a l  error i s  t he pos s ib i l ity t ha t  
t he TML s me as ur ed t he s e c ond t ime were d o n e  s o  us i n g  a d i f ­
fe re n t  os teome t r  ic board . This is a good examp le of why 
a r e s e archer s hould always re t a i n  the s ame i n s t r ume nt s 
t hro ughout t he e n t ire dat a c o l lect ion proces s .  
De s cr ipt ive S t at i s t i c s  
The MEAN S procedure o f  SAS ( S AS I n s t it ut e , I n c . 19 8 2 ) 
was a l s o used t o  calc ulate des cript ive s t at i s t ic s  f or t he 
r aw d at a . A l l  t hese t abl e s  are f o und in Ap pend ix A .  Tab le 
A- 1 provide s  t he s amp le s_i z e s  ( N ) , me ans , s t andar d  dev i a ­
t i ons , var iance s , min imum va lue s , a n d  max imum va l ue s . 
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Tables A-2 and A-3 provide the descriptive statistical 
values for each sex, and Tables A-4 and A- 5 provide the 
descriptive statistical values for each side. Tables 
A-6, A-7, and A-8 provide the · descriptive statistical values 
for each site. Tables A-9, A-10, A-11, A-12, A-13, and A-
14 provide the descriptive statistical values for site by 
sex. 
Principal Component Analysis 
Using the PRI NCOMP procedure of SAS ( S AS Institute, 
Inc. 1982) , one principal component analysis was conducted 
to identify intragroup patterns of tibial variation. Zegura 
( 197 8: 1 5 2 )  defined pr_incipal component analysis as the 
" . data transformation system through which the maximum 
variance in a measurement battery is sequent ially extracted " .  
In the analysis, the extraction was achieved when the co­
ordinate axes, representing the original variables, were 
ro�ated to give a different coordinate system representing 
new var iab les having maximal var iance. Th is was equ ivalent 
to making an orthogonal transformation of the or iginal vari­
ables. In other words, a principal component analysis was 
conducted to simplify the description of a _ large set of in­
terrelated variables. The original variables were trans­
formed into new uncorrelated variables, the principal 
components. Thus, a principal component is a linear com­
bination of the original variables. Once these principal 
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compo ne nts  are crea ted , t hey can be used t o  e s t ablis h 
" . . .  indepe ndent st ruct ural dimens ions along wh ich popula­
t ions vary " ( Z obeck 1 9 8 3 : 2 1 ) . Corrucci n i ( 1 9 7 8 ) felt t hat 
in terpre tat ion and d i s cus s ion of  pr inc ipal components mu s t  
be done on ly whe n the s pe c i f ic morpho logy of t he dat a ' s  
source is kept in mind . In  t his inquiry , t he morphological 
and funct ional terms of  t he t ibia will  later be us ed to in­
terpr et t he pri n c ipal component s .  
The int erpret at ion of pr incipal components  is funda­
me ntally concerned wit h the e i ge ns tructure of covar iance 
( or correlat i on ) ma tr ices or t he e i genvalues and e i genve c ­
tors . The f ir s t  princ ipal component is t he linear comb in a­
t i on of t he or iginal var iables wit h max imum var iance , thus 
the large s t  e i genvalue . The s e cond principal  component is 
t he normal ized linear comb inat ion hav ing max imum var iance 
out o f  all line ar combinat ions not corre lat ed wit h the f ir s t  
princ ip a l  compone nt , and so  on . Thus , t he pr incipal com-
�onents  are arran ged in order of decreas ing var iance , with 
t he f ir s t  component exp laining the mos t vari at ion and t he 
last  component exp la ining t he least  var iat ion . 
An inve s t i gator may choo s e  to re duce t he dimens ion ­
ality  of  an ana lys is by reduc in g the number of var iable s 
wit hout los ing muc h inf ormat ion . This obj ect ive can be 
ac hieved by choos ing to an alyze the pr inc ipal compon ents 
with e i genvalue s  greater than or equal t o  one . The pr inc i ­
pal components  n o t  an alyzed cont ain l it t le informat ion 
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because their variances are small. This technique is 
appealing because the principal components are not correlat­
ed . Now , instead of analyz ing a large number of original 
variables with complex interrelationships , an investigator 
can analyze a small number of uncorrelated principal com­
pc,nents . 
In  this inquiry , . all of the variables were not 
measured in the same uni ts . Because they were not , the 
principal components were extracted from a correlation 
ma tr ix instead of a covariance ma tr ix. Here , a pooled 
with in-groups correlation matrix was used instead of the 
total correlation matrix . Determination of principal com-
ponents from the pooled within-groups correlation matrix 
involves several different SAS procedures ( SAS Institute , 
I nc. 1982 ) to carry out an even greater number of mathema­
tical steps. The procedures followed were similar to those 
of Zobeck { 1983 : 24 -26 ) except the CANDI SC procedure of SAS 
( SAS I nstitute , I nc. 1982 ) was used to calculate the 
correlat ion matrix for the pooled within-groups. Pool ing 
the sum of squares and cross products is practically a 
necessity when dealing with unequal sample s i zes. This pro-
cedure 11 weighs the contributions of each group accord-
ing to sample s i ze . . "  { Key 1982 : 67 ) .  
Four principal components with eigenvalues greater 
than 1.0 were extracted from the pooled within-groups corre-
lat ion matrix . Together these four components account for 
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7 4 %  of the total variation . Four other components with much 
smaller eigenvalues are also discussed here . Together these 
second four components account for only 6 .  7 % of the total 
variation . Their importance will be . discussed later . Table 
5 provides the eigenvalues, differences between successive 
proportion of variance explained by each eigenvalue, and 
cumulative proportion . of variance explained . Table 6 pro-
vides the eigenvectors . 
The first principal component accounts for 4 4 %  of the 
variation . This component indicates the general strength 
of the tibia . The highest loadings are the circumference 
at nutrient foramen (CNF= . 34 ), the circumference at midshaft 
(CMS= . 33), and the breadth of the proximal articular surface 
(BPA= . 34 ) .  The circumferences at the midpoint of the distal 
half (CMH= . 32), the breadth of the distal articular surface 
( BDA= . 31), and the anterior-posterior diameter at the 
nutrient foramen (APN= . 30) have slightly lower loadings . 
All the loadings are positive except the tibial torsion 
( TTA } loading . In general, this principal component indi-
cates that individuals with robust shafts have robust epi­
physes. 
The second principal component accounts for 13. 5 %  of 
the variation . The highest positive loadings are the anter­
ior-posterior distance on the medial side of the distal 
articular surface ( MDA= . 4 0), the - distance from the most 
proximal point of the lateral intercondyloid tubercle to 
Table · s . Eigenvalues , Difference Bet ween Succe s s ive E igenvalue s , Proport ion of  
Variance Explained by  Each E igenvalue and C umulat ive 
Proport ion of  Variance Expla ined . 
ComEonent  Eigenvalue Dif ference Proport ion Cumulat ive 
PRINl 6 . 15 9 9 2 4  4 . 2 7 0 5 5 3  0 . 4 3 9 9 9 5  0 . 4 3 9 9 9 5  
PRIN2  1 . 8 8 9 3 7 2  0 . 5 8 6 2 3 2  0 . 1 3 4 9 5 5  0 . 5 7 4 9 5 0  
PRIN3  1 . 3 0 3 14 0  0 . 2 6 9 0 2 1  0 . 0 9 3 0 8 1  0 . 6 6 8 0 3 1  
PRIN4 1 . 0 3 4 119 0 . 2 9 3 9 10 0 . 0 7 3 8 6 6  0 . 7 4 18 9 7  
PRINS  0 . 74 0 2 0 9  0 . 1 3 2 9 8 7  0 . 0 5 2 8 7 2  0 . 7 9 4 7 6 9  
PRIN6  0 . 6 0 7 2 2 1  0 . 0 9 2 9 84 0 . 0 4 3 3 7 3  0 . 8 3 814 2 
PRIN7  0 . 5 14 2 3 7  0 . 0 7 8 2 0 2  0 . 0 3 6 7 3 1  0 . 8 7 4 8 7 3  
P RINS  0 . 4 3 6 0 3 5  0 . 0 0 9 3 2 9  0 . 0 3 114 5 0 . 9 0 6 0 18 
PRIN9 0 . 4 2 6 7 0 7  0 . 12 9 0 3 7  0 . 0 3 04 79  0 . 9 3 6 4 9 8  
P RINlO 0 . 2 9 7 6 7 0 0 . 0 5 9 7 57 0 . 0 2 12 6 2 0 . 9 5 7 7 6 0  
PR!Nll 0 . 2 3 7 9 1 3  0 . 0 6 8 6 2 4  0 . 0 1 6 9 9 4  0 . 9 7 4 7 5 3 
PRIN12 0 . 1692 8 9  0 . 0 3 6 9 0 3  0 . 0 12 0 9 2  0 . 9 8 6 84 6 
P RI N13  0 . 13 2 3 8 6  0 . 0 8 0 6 0 9  0 . 0 0 94 5 6  0 . 9 9 6 3 0 2  




TML 0 . 251801 0 . 15722 7 
APN 0 . 304531 " - . 2 34569 
MLN 0 . 250 753 - . 33718 3 
ITN 0 . 1019 67 0 . 353665 
CNF 0 . 343054 - . 321658 
CMS 0 . 331916 - . 2 7 0 8 39 
CMH 0 . 3180 0 7 - . 224644 
MOA 0 . 142179 0 . 40 057 6 
LOA 0 . 2 0 8 024 0 . 314480 
BOA Q . 31099 0 0 . 12 6812 
OMC 0 . 2 9 7 522 0 . 2 75216 
OLC 0 . 2 8 0952 0 . 19 8554 
BPA 0 . 337 317 0 . 1480 85 
TTA - . 012 656 - . 2 0412 6 
Table 6 .  E i ge nve c t or s . 
PRIN3 PRIN4 PRINS 
0 . 474011 - . 1537 30 0 . 0 7 67 60 
- . 1610 61 - . 0 7 379 3 0 . 2 0517 3  
0 . 214685 0 . 138 845 0 . 10 3168 
0 . 491251 - . 4379 01 0 . 32 8 7 8 6  
- . 0 75138 0 . 019 55 6  0 . 118 318 
- . 0 39 38 7  - . 1330 05  0 . 2 30649 
- . 0 30 356 - . 0 33037  0 . 164819 
- . 149 016 0 . 38 7451 0 . 562 0 71 
- . 0 8 7 646 0 . 52 0 649 0 . 02 3658 
- . 104348  0 . 0 8 30 09 - . 1637 7 3  
- . 0 84185 - . 12 717 8 - . 29 3517 
0 . 0 63673  - . 01919 3 - . 514439 
- . 115059 - . 059 8 05 - . 1849 05 
0 . 62 3443 0 . 540 850 - . 10 30 0 3  
PRIN6 
- . 452574 
- . 536651 
0 . 352 02 0  
0 . 2 8219 8 
- . 147 02 7  
0 . 058130 
0 . 48 3345 
0 . 012 310 
0 . 040 613 
0 . 1692 61 
- . 052292 
- . 0 01456 
- . 0 30 8 68 
- . 1042 64 
PRIN 7  
- . 18535 6  
0 . 17134 3 
- . 54472 0 
0 . 2 02544 
- . 10 6692 
0 . 22 662 0 
0 . 112 8 79 
- . 422525 
0 . 337221 
0 .  37 0411 
- . 19 3502 
- . 10 37 9 7  
0 . 0 0 022 8 




TML - . 2 9 3 4 87 - . 10 6 9 8 2  
APN 0 . 16 7 5 6 6  - . 0 4 2 17 5 
MLN - . 2 4 6 8 6 1  - . 2 4 8 3 7 8 
ITN 0 . 119 6 2 8  - . 0 9 78 7 4  
CNF 0 . 0 38 7 5 1  - . 0 8 3 887  
CMS 0 . 0 7 5 6 9 8  0 . 0 3 5 4 2 1  
CMH 0 . 2 0 7 7 3 9  0 . 0 4 10 9 1  
MDA 0 . 14 4 0 2 8  0 . 3 4 7 014 
LDA - . 0 3 3 18 6  - . 6 7 3 7 2 1  
BDA -·. 5 0 7  896  0 . 4 183 3 3  
DMC - . 1 3 2 2 9 3  - . 0 3 9 7 18 
DLC 0 . 6 6 2 8 8 3  0 . 0 5 7 0 6 2  
BPA - . 0 9 7 5 8 5  0 . 2 2 6 7 8 3  
TTA 0 . 117 9 2 1  0 . 3 16 1 3 3 
Ta ble 6 .  ( con t inued ) 
PRINlO PRINll PRIN12 
- . 1 5 2 8 0 2  - . 104 8 19 - . 5114 4 5  
0 . 12 0 4 6 3  - . 14 1 9 6 4  0 . 2 4 8 9 6 2  
- . 12 9 3 0 1  - . 10 7 3 0 7 0 . 3 14 1 7 3  
0 . 0 10 2 13 - . 0 1 8 2 6 7  0 . 3 5 3 0 2 3  
- . 0 0 6 2 0 8  - . 07 6 9 4 4  0 . 0 4 7 3 7 1  
- . 0 6 0 3 3 5 0 . 14 1 6 7 4  0 . 1 5 7 4 3 4  
0 . 2 13 2 2 7  0 . 0 6 84 2 4  - . 6 2 9 7 9 3  
0 . 0 0 5 3 8 8  - . 0 6 7 82 7  0 . 0 4 3 4 5 3  
- . 0 7 2 8 84 0 . 04 6 3 4 9  - . 0 15 8 6 1  
- . 0 6 12 6 6  - . 4 8 2 5 4 3  0 . 0 6 6 9 10 
0 . 7 7 6 3 7 9  0 . 2 0 3 5 0 6  0 . 10 14 5 5 
- . 2 0 7 7 2 5  - . 3 2 3 3 4 8  - . 0 0 6 8 7 9  
- . 4 4 1 5 4 3 0 . 7 0 8 1 8 2  0 . 0 5 7 0 3 5  
0 . 2 14 9 4 8  0 . 1 9 8 115 0 . 0 9 6 0 8 2  
PRIN13 
- . 13 6 8 94 
0 .  4 2 0 5 7'0 
0 . 10 2 5 82 
0 . 19 4 90 9  
0 . 0 6 2 614  
- . 7 7 7 4 0 8  
0 . 2 5 6 9 0 4  
- . 0 5 9 7 4 3  
- . 0 2 0 6 11 
0 . 0 4 6 5 4 5  
- . 1110 7 7  
- . 10 4 4 82 
0 . 2 2 7 2 4 6 
0 . 0 2 2 9 9 3  
PRIN14 
0 . 0 7 9 0 7 3  
0 . 3 9 7 5 1 7 
0 . 2 5 8 2 3 9  
- . 12 54 4 2  
- . 83 9 7 3 8  
0 . 1 7 16 2 8  
0 . 12 3 4 2 7 
0 . 0 3 3 8 8 7  
- . 0 0 2 5 0 1  
- . 0 2 3 3 4 6  
- . 0 1 6 0 0 3  
0 . 0 2 14 10 
0 . 0 0 0 6 8 2  
- . 0 3 2 2 4 3  
.t:,. 
� 
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the mos t dis t a l po int of the nut r ient for ame n ( I T N= . 3 5 ) ,  
and t he anter ior -pos ter ior dis t ance on t he lateral . s ide o f  
t he dis t a l  ar t i cular s ur f ace ( L DA= . 3 1 ) � The gre at e s t  ne ga­
t ive loadings are t he med ial- lateral di ame ter at the 
r. ut r i ent forame n ( ML N = . 3 4 ) and the c ir c umference at t he 
nu tr ie nt f orame n ( CNF = . 3 2 ) . T he nutr ient forame n pos it ion 
is not s i gn if ic ant ly corre lated w i t h  max imum t ib ia l  le ngt h 
in t his comp one nt , and it is a l s o  ne gat ive ly corre lated wi t h  
CMS , APN , and CMH . The gre ater I TN is t he s ma l l e r  t he other 
var iab l e s  are be caus e t he t i b i a l  s ha f t  t apers toward t he 
dis t a l  e nd . 
T he t hird pr in c ipal comp onent ac coun t s  for 9 .  3 %  of  
t he var iat ion . This component indicates t he e f fect bone 
s i z e  has on bone s hape . The highe s t  load ing is on t he 
t ibial t ors i o n  angle ( TTA= . 6 2 ) .  Two o t her var iables , t he 
nutr ie nt f orame n pos i t i o n ( I TN = . 4 9 )  and the maximum t ib i al 
length ( TML = . 4 7 )  have s i gnif icant load ings . The corre lat i o n  
between t he s e  two var iables is po s i t ive , ind icat ing t hat 
t he longer t he t ib i a , t he lon ger t he dis t ance be tween t he 
proximal t ip and t he nutr ie nt foramen . T he pos i t ive corre ­
la t ion amo ng TTA , I TN , and TML indicates t hat I T N  is large r 
whe n t he bone is longer . 
T he four t h  pr inc ipal comp one nt ac count s for 7 .  4 %  of  
t he var iat ion . The highe s t  load ing is again on t he t i b i a l  
t ors ion a n g l e  ( TTA= . 5 4 ) .  The next highe s t  load i n gs are on 
t he anterior -pos t e r ior dis t a nce on t he lateral s ide of t he 
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d� stal articular surface (LDA=. 5 2) and the anterior-pos ter­
ior dis tance on the medial side of the distal articular 
surface ( MDA=. 39). The correlation between the TTA and LDA 
is very strong while the correlation with MDA is weaker. 
T_·lis indicate s that the larger the size of the dis tal ar­
ticular surface, the larger the tibial torsion angle. 
The highest loading for the ninth principal component 
is on the anterior-pos terior dis tance on the lateral side 
of the distal articular surface (LDA=. 67). The only other 
loadings with high value s are the breadth of the dis tal ar­
ticular surface ( BDA=. 4 2) and the anterior-posterior dis­
tance on the medial side of the dis tal articular surface 
(MDA=. 35). The correlation between LDA and BDA and MDA is 
ne gative indicating that as LDA decreases BDA and MDA both 
increase. This component re flects the shape of the distal 
articular surface . 
The highest loadings for the twelfth principal com­
ponent are on the circumference at the midpoint between the 
midshaft and the most distal point of the medial malleolus 
(CMH=. 63) and the maximum tibial length (TML=. 51). The cor­
relation between CMH and TML is significantly positive in­
dicating that the longer a tibia, the more robust the dis tal 
end of the shaft. 
The highe st  loading for the tenth principal component 
is the greate st anterior-posterior dis tance of the medial 
condyle ( DMC), and the highest  loading for the fourteenth 
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pr inc ipal componen t is the c ircumference at the nutrien t 
foramen ( CNF ) . The impressive loadings for DMC and CNF are 
. 7 8  arid . 84 respect ively . No other loadings in t hese com-
ponents  are as high as t he values . Var iat ion along the 
:.enth ax is  is due to var iat ion in D:v1C only , and var iat ion 
along t he fourteenth axis is due to var iat ion in CNF only . 
L inear Regression 
The large sample s iz e  of t he Larson s ite , 15 6 t ib iae , 
was adequate to conduct  an appropr iate analysis of age 
changes in the 14 var iables . The GLM procedure of SAS ( SAS 
Ins t itute , I nc . 1 9 82 )  was used to calculate a regress ion 
of each var iable . The sexes were treated separately . 
In many relat ions , there is a single dependent var i -
able response Y .  Response depends on one or more indepen-
dent variables , ( X 1 , x2 , • X .  ) ,  which  are measured with 1 
negligible error and are of ten controlled in t he exper iment . 
Thus , the independent var iables are not random var iables 
but are f ixed quant it ies preselected by t he inves t igator 
and have no dis tr ibut ion al propert ies . The relat ionship 
is summar ized by an equat ion called a regression equat ion . 
In t his chapter b ivar iate linear regress ion and mult iple 
linear regression are discus sed .  Firs t ,  bivar iate linear 
regress ion will be described and mult iple linear regres s ion 
discussed later . 
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Bivariate linear regression involves a single indepen-
dent variable . For the case where there is a single X and 
a single Y ,  the data take the form of pairs of observations 
( ( X . , Y . ) = l ,  2 ,  
1 J 
• I n ') . If the values of X are con-
trolled, that is, the experiment is designed, then the ex-
pe rimental process is to fix or choose X .  values in advance 
1 
and observe the corresponding Y .  values . 
] . . 
Here the independen·t variable is the median value of 
the assigned age group for each specimen, and the dependent 
variab.le is one of the fourteen specified tibial measure-
me nts. Eight linear regressions producing significant re-
sults are found in Table 7. Age changes in these variables 
can be viewed by calculating the mean of each significant 
variable for all five age groups and then plotting the mean 
values of each significant variable (Y-axis ) on the median 
for each age group (X-axis). Figures 5 through 12 present 
these eight graphs and thei� regression equations. 
The GLM procedure of SAS ( SAS Ins ti tlJ.te, Inc . 1982 ) 
was also used to determine which regression equations repre­
sented straight lines and which ones represented curved 
lines. First, a new variable, AGE2, was created by squaring 
the AGE value. This was necessary because (AGE ) 2 represents 
the equation of a parabola. AGE2 was then included in the 
MODEL statement along with AGE. Using the Type I sum of 
squares ( SS ) output ( see Table 8 ) ,  the shape of the line 
each regression equation represents can be determined. 
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Table 7 .  Age Related Changes in Larson T ibiae. 
Variable Sex F Value p( F) 
CMS Female 12 . 4 8 . 0 0 0 7  
CN F Female 10 . 6 8 . 0 0 1 6 
APN Female 9 . 9 5 . 0 0 2 3  
APN Male 9 . 1 5 . 0 0 3 4  
BPA Female 8 . 8 3 . 0 0 4 0  
MLN Female 8 . 15 . 0 0 5 5  
CNF Male 5 . 6 1 . 0 2 0 4  
DLC Female 4 . 14 . 0 4 5 3 
8 1  -
80 - • 7 9 . 7 
7 9  -
Ul 7 8  -
0) 
7 7  -
0) 
• 7 6 . 8  
·ri 7 6  -r-f • 7 6 . 0  
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Figure 12 . P lot of DLC on  Age for Larson · Females  ( p(  F' ) = . 0 4 5 3 ) . 
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. 4 3. 6 1  
1773. 4 6  
4 6 . 73 
4 5. 02 
1. 7 2  
330 . 7 5 
82. 6 6  
4 4 . 9 4  
37 . 73 
315. 50 
101. 39 
97 . 57 
3 . 82 
819. 07 
27. 80 
23. 4 8  
4 ; 32 
198. 2 0  
277. 17 
131. 89 
14 5. 29 
154 2. 16  
23. 83 
18 . 55 
5. 28 
3 2 7 .  6 2  
F 




11 . 53 
1. 84 
5. 30 





4 . 6 4  
8. 93 
. 35 
5. 2 6  
8. 89 
1. 63 
6. 7 4  
6. 4 1  
7. 07 
2 . 73 
4 . 25  
1. 2 1  
Degrees of Freedom for Model, Age, 
1 ,  1, and 75  respectively. 
5 8  
p ( F )  
. 002 6 
. 0006 
. 784 2 




. 002 0 
. 534 4 
. 0002 
. 0016 
. 003 7 
• 012 6 
. 0038 






. 009 6 
. 07 18 
. 04 28 
. 2 749  
Age2, and 
5 9  
" Type I SS are use ful  f or polynomial mode ls where you wan t  
t o  know the contr ibut ion o f  a t erm as though it had bee n 
made or t hogonal  to  preceding e f fe cts " ( SAS I n s t i t ute , I nc . 
1 9 8 5 : 4 6 6 ) . 
The Type I SS f or AGE is t he s ame as us ing  a one ­
var iable mode l becaus e they are s e quent ial . Us in g a two ­
var iable mode l ,  the hypothes is for AGE2  doe s n o t  invo lve 
AGE . By examining the SS f or AGE and AGE 2 , not ing the d i f ­
ference be tween them , and not ing the s i gn if icant  leve ls , 
the s hape of the line a re gre s s ion equat ion  repre sents  i s  
determined . The s hape of  the line is  linear if t he AGE2 
term te s t  is not  s ign if icant , and the s hape o f  the l ine is  
curved ( quadrat ic ) if the AGE 2 term tes t  is s i gn if icant . 
The s e  e i ght s ign ificant s imp le l inear re gres s ion 
analys e s  indicate that the s ix female variab les  exhib it in­
cre as ing dimens ions with  incre as ing age . The two male var ­
iable s  exhib it increas ing and t hen  decre a s in g  dimens ions 
with increas ing  age . As  expected , t he Type I SS indicate 
t hat t he p lotted po ints and re gres s ion e quat ions of the s ig­
n if icant  fema le variables , CMS , CNF , APN , BPA , MLN , and  DLC , 
repre sent  s traight line s while t he plotted points  and re ­
gre s s ion e quat ions of  t he s ign i f icant male var iables , APN 
and CNF , repre sent curved lines . 
6 0  
Side Differences 
There we re 55 ske letons from the Larson site that had 
r1easurable left and right tibiae. Twenty-eight pairs be ­
longe d to males, and 27 pairs belonge d to females. The 
MEANS proce dure of SAS (S AS Institute, Inc. 1982 ) was used 
to conduct a paired observation T test to examine for side 
differences. The sexe s were treated separately. Matching 
the pairs of tibiae was one form of experimental control. 
The purpose of matching pairs was to remove a source of 
variability and thus lower the sampling error. The data 
used came from one sample of pairs rather than two separate 
samples .  The new data set consisted of the differences be -
tween the measurements of the left tibiae and right tibiae 
of the same 28 male and 27 female ske letons. 
The results of. this analysis re veal no significant 
side differences in either sex. The values of T range be­
tween ne gative one and positive one while the probability 
is never below the . 05 level. Conse quently, further analy­
sis of intergroup variation of side by sex differences was 
not performed .  
Multiple Analysis of Variance for 
Intragroup Sex Differences 
Af ter the raw data were sorted by site, the GLM proce � 
dure of SAS (S AS Institute, Inc. 1982 ) was employed to do 
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a MANOVA . This procedure was employed because all 1 4  depe n­
dent  var iables were f itted to  the same e f fect , sex ( t he in ­
depe ndent  var iable ) .  The obj ect ive of us ing t his procedure 
was to  ident ify t he var iables that contr ibuted to  sex  dif ­
ferences . 
The s e  analyses  have unbalanced designs , " .  . mode ls 
where t here are unequal numbers · of  ob� ervat ions for the dif -
ferent comb inat ions of  clas s if icat ion var iables II 
( SAS I n s t itute , I nc .  19 85 : 4 3 7 ) .  To compensate for the un ­
-balance d d� s igns , the analyse s of  var iance ( ANOVA ) s ign if i­
cance tests  are calculated us ing Type I I I  sum of  s quares 
( S S ) . The ANOVAs and Type I I I  SS are both conse rvat ive , 
part icular ly s ince the Type I I I  S S  represent  the mode l S S  
for each effect condit ioned on  other ef fect s . 
On ly e leven  meas ureme nts  ( TML , APN , CNF , CMS , CMH , 
MDA , L OA ,  BOA , DMC , DLC , BPA ) of  t he Leavenworth  s ite  s how 
sex dif fere nce s at t he . 0 0 1  leve l , probably the result of  
t he smaller sample s ize  . However , for t he other two s ites  
. with  t he larger sample s izes , all  meas urements  s how s ignif i ­
cant s ex dif ferences . The medial- lateral diameter a t  the 
nut r ient  f oramen ( MLN ) , the nutr ient  foramen posit ion ( ITN ) , 
and the t ibial t orsion angle ( TTA ) are also s ignif icant for 
sex dif ferences in t he Mobridge s ite  tibiae at t he . 0 0 5 3 , 
. 0 0 9 9 , and . 0 12 2  leve ls , respect ive ly .  The s e  same t hree 
meas urements ( MLN ,  ! TN , TTA ) are als o  s ign if icant for sex 
differences in t he Larson s ite  t ib iae at the . 0 0 0 1 ,  . 0 0 0 1 ,  
6 2  
and . 014 4 levels respect ively . All other measurements o f  
the Mobridge and Larson sites (Mobridge and Larson) are sig­
nificant at levels less than . 0 05 with the maj ority be ing 
. 0 0 01 .  Table 9 prov ides the overall MANOVA statistics . 
These results indicate that sexual dimorphism is very evi­
dent in the tibiae of these three Arikara samples . They 
do not imply that because only 11 variables of the 
Leavenworth site are significant for sex differences, the 
level of sexual dimorphism at this site is not as great as 
the level of sexual dimorphism at Larson or Mobridge . This 
issue . of differing levels of sexual dimorphism will be ad­
dressed later on in this inquiry . 
Canonical Discriminant Function Analysis 
The tibial data from the three sites were sorted by 
sex and then subj ected to the CANDI SC (Canonical discrimi­
nant function analysis) procedure of SAS ( SAS I nstitute, 
Inc . 1982) . The output used here from this procedure in­
cludes the pooled within-groups correlation matrix (see 
Table B-1), group means on canonical variables ( see Table 10 ) ,  
and the · Mahalanobis distances between the groups (see 
Table 11-13) . The matrix was used to calculate the princi­
pal components . The group means on canonical variables are 
used to demonstrate among groups variation wh�reas principal 
components are used to demonstrate total variation . The 
S it e  
3 9 WW1 
3 9 WW2 
3 9C09 





W i l k s _, Lambda 
. 12 6 4 
. 2 4 2 4  
. 117 0 
F 
1 8 . 7 7 
3 1 . 4 8  
4 . 3 1 
De gree s  o f  Freedom 
14 , 3 8 
14 , 14 1  
14 , 8 
p (  F" ) 
. 0 0 0 1  
. 0 00 1 
. 0 2 19 
O'\ 
w 
Table 1 0 . Gro up Means on C anon:i ("al  Variables . 
Canon ical Var . 1 2 3 4 
Group 
Mobridge males 1 . 9 4 0 3  0 . 3 2 13 - 0 . 7 6 5 2  - 0 . 3 1 6 1  
Mobridge female s - 1 . 4 16 3  .1 . 2 4 5 7  0 . 3 6 0 6  -0 . 15 2 9  
Larson males 1 .  5 5 16  - 0 . 1 9 0 4  0 . 34 1 1  0 . 0 4 5 6 
Lar son females -1 . 9 4  00  - 0 . 4 2 9 1 - 0 . 0 8 92  - 0 . 0 5 6 2  
Leave nwort h male s 1 .  9 7 7 8  0 . 0 2 8 7  - 0 . 3 3 14 0 . 3 4 5 0  
Le ave nwort h female s -1 . 9 3 7 0  0 . 8 3 8 4  -0 . 5 9 7 3  1 . 0 9 4 2  
5 
- 0 . 12 7 8  
0 . 0 8 5 4  
- 0 . 0 8 1 1 
0 . 0 2 2 1  
0 . 5 3 8 8  
- 0 . 4 2 9 1  
(J'\ 
.i::,. 
Table 1 1 .  Mahalanob is Distances ( M . D . ) Between Females . 
Sites 
Mobr idge and Larson 
Larson and Leavenworth 
Mobr idge and Leavenwort h  
Mahalanobis Distance 
1 .  81 5 2  
1 .  84 16  
1 .  7 818  
p ( M . D . ) 
0 . 0000 
0 . 9 9 9 9  
0 . 9 9 2 6  
Table 12 . Mahalanobis Distances ( M . D . ) Between Males . 
Sites 
Mobr idge and Larson 
Larson and Leavenwort h  
Mobr idge and Leavenworth  
Mahalanob is Distance 
1 .  3 303 
1 . 07 5 1  
1 . 07 5 5  
p ( M . D . ) 
0 . 0000 
0 . 9 9 90 
0 . 9 4 4 7  
Table 13 . Mahalanobis Distances ( M . D . ) Between Sexes 





Mahalanob is Distance 
3 . 6 6 89 
3 . 5 2 90 
4 . 189 3 
p ( M . D . ) 
0 . 0000 
0 . 0000 
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Mahalanob is dis tances are used to indicate t he s i z e s  of the 
dif ferences  be tween the groups . 
Us in g s i te and sex as clas s i f icat ion var iables and 
the 14  t ibial  me as urements  as the quant itat ive var iables , 
CANDISC calculated f ive canon ical var iab les . This proce dure 
took the or iginal var iable s and tran s formed them into  canon-
ical var iables . This trans f ormat ion " .  max imize s the 
separat ion among the populat ions under analys is  11 ( Jantz  
19 7 3 : 1 8 ) . The f ir s t  canonical var iable repre s e nt s  the gre a t ­
e s t  var iabi l ity , the second canon ical var iable repre s e nt s  
the next gre ates t var iability , a n d  s o  on . The number o f  
canon ical  var iable s calculated equals the number o f  or iginal  
var iable s or  the number of  groups  minus one , whichever is  
the sma l ler value . Each canon ical var iable can s how s ub -
s t ant ial dif ferences amon g the groups eve n i f  none of t he 
or iginal  var iab les do . Als o , canonical  var iables  are uncor ­
re lated wit h  each ot her . The f inal  outcome of  CANDI SC is 
a reduct ion o f  the dimens iona lity of  the mult ivar iate space 
( Jant z 19 7 3 ) .  
Re s ults of  t he c alculated group me ans on t he f ir s t  
two canon ical var iables demons trate a great  dea l  of  differ­
ences  among the group s . Group means on  canon ic al  var iable 
1 repre sent t he gre ates t var iab ility by sep arat ing t he s ite s 
by sex . The female group means are all  negat ive value s , 
and t he male group means are a l l  pos i t ive value s . Gro up 
me ans on canonical var iable 2 represent  t he second greates t  
var iab i l ity  by separat ing  the sit es . 
6 7  
The ma le and female 
gr oup means for the Mobr idge and Leavenwort h  sites are al l 
posit ive values , and the male and female group means for 
t he Larson site are bot h negat ive values . 
The Mahalanobis distances are he lpf ul for " . . .  pair ­
�ise compar isons of t he groups " ( SAS Inst it ute , Inc .  19 8 5 : 
156 ) . For females , t he greatest distance is betwe en Larso n 
and Leavenwor t h ,  whi le t he smallest distance is be tween  
Mobr idge and Leavenworth . The distance between the Mobr idge 
and L·a·rson females is intermediate . For males , t he greatest 
distance is between Mobr idge and Larson , whi le t he distances 
between Larson and Leavenwort h and Mobr idge and Leavenwort h 
are essent ial ly t.he same . Overal l , the distances be tween  
t he females are larger t han the distances between t he males . 
The Mahalanobis distances between the sexes at the 
t hree si tes are he lpf ul for studying sexual dimorphic trends 
even t hough t he dif ference between them are quite small . 
Here , t he greatest distance between the sexes is at t he 
Leavenworth site ; there fore , sexual dimorphism is greatest 
at t his site . The smal lest distance between t he sexes is 
at the Larson site ; therefore , sexual dimorphism is smallest 
at this site. The distance between t he sexes at the 
Mobridge site is intermediate . The importance of  t hese dis­
tances and the group means on the f irst two canonical var ­
iables will be discussed in t he next chapter . 
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Mult iple Analys is of Variance for Intergroup 
Differences Us ing Raw Data  
Determining how s i te ,  sex , and their interact ion dif­
ferences contribute to  intergroup variat ion can be accom­
plished by als o us ing MANOVA. The GLM procedure of SAS ( SAS 
I nst itute , Inc. 1982) was employed. The dependent variables 
were all fourteen characters while the independent variables 
were three clas s effects ; s ite , sex ,  and their interact ion. 
The obj ect ive of us ing the procedure was to  ident ify the 
variables that contributed t o  the intergroup variation by 
s ite , sex , and their interact ion. 
MANOVA has been discus sed above. 
Further explanat ion of 
Table 14 provides the 
overall ·MANOVA st at is t ics. It indicates s ignificant s ite , 
sex , and interact ion differences ex is t among Mobridge , 
Lars on , and Leavenworth. Table 15 provides the calculated 
Type I I I  SS  from the ANOVA results. All variables displayed 
s ignificant s ite and/or sex differences except for MDA , the 
anterior-pos terior dis t ance on the medial s ide of the dis tal 
art icular surface , and the maximum t ibial length ,  TML , which 
displayed s ignificant interact ion differences as well. 
With  these result s ,  it  is  pos s ible that  the unbalanced 
des ig� of this inquiry , for ins t ance , under-represented ages 
in the Mobridge and Leavenworth s amples , might contribute 




Site , sex 
Table 14 . Overall MANOVA Tests of Significance U s ing t he Raw Da ta. 
Wilks ' Lambda 




2 . 66 
26 . 21 
1.66 
Degrees of Freedom 
28 , 426 
14 , 213 
28 , 426 






Table lS .  ANOVAs tor Site , Sex , and Int eract ion Eff ec� s 
( rtaw Oat a ) . 
Variable Source 























































Type III SS 
61588 . 19 
422 . 18 
3 6 065 . 3 7 
2 14 6 ·. 74 
75366 . 12 
24 30 . 5 5 
4 9 . 2 8 
12 78 . 99 
2 . 8 6 
1132 . 5 5 
311 . 2 3 
52 . 7 4 
94 . 34 
6 . 9 1 
718 . 7 5 
6064 . 9 6 
2 4 4 . 95  
2911 . 9 0 
252 . S l 
198 09 . 0 1 
10 424 . 5 2  
523 . 3 0 
4 959 . 9 6 
18 . 3 8 
615 . 7 6 
9752 . 4 3 
252 . 92 
4 54 8 . 9 6 
37 . 85 
4 6 6 3 . 22 
5202 . 0 4 
232 . 92 
2514 . 30  
9 . 2 9 
4 8 4 7 . 9 6 
256 . 5 9 
6 . 58 
l57 . l6 
20 . 78 
669 . 0 6 
670 . 4 0 
6 . 4 7 
4 4 3 . ll 
16 . 2 1  
850 . 8 7 
1390 . 3 7 
9 . 7 8  
6 60 . 7 8  
2 . 03 
14 13 . 52  
1884 . 4 8 
56 . 89 
946 . 50 
2 . 0 3 
14 13 . 5 2 
F p( F )  
3 6 . 94 . 0001  
. 63 . 5 319 
108 . 15 . OOOl  
3 . 22 . 0418 
97 . 00 . 0001  
4 . 92 . 0081 
255 . 22 . 0001  
. 29 . 7522  
19 . 5 7 . 0001  
8 . 29 . 0003 
29 . 6 6 . 0001 
1 . 0 9  . 3 394 
13 . 84 . 0001  
l . 40 . 2 494  
33 . 22 . O OOl 
1 . 4 4 . 2390  
76 . 42 . OOOl 
9 . 5 9  . 0001 
181 . 80 . 0001  
. 34 . 7 14 4 
94 . 53 . 0001  
6 . 13 . 0026  
220 . 4 6 . OOOl 
. 92 . 40 12 
48 . S O . 0001  
5 . 4 3  . 0050  
117 .21  . 00 0 1  
. 22 . 8053  
17 . 33 . OOOl  
l. ll . 33 10 
53 . 09 . OOO l 
3 . 51 . 0 316 
35 . 61 . 00 0 1  
. 86 . 4 247  
117 . 6 9 . 0001  
2 . 15 . 118 6 
49 . 60 . 00 01 
. 87 . 4 19 4 
117 . 85 . 0 001 
. 16 . 8503  
60 . 2 6  . 00 0 1  
4 . 55  . 0 116 
151 . 33 . 0001  
. 16 . 8503  






















Type III  SS 
107 1 . 16 
13 . 06 
5 0 4 . 9 9 
2 . 6 2 
10 4 1 . 3 3 
4 7 5 8 . 2 7 
8 . 2 8  
2 5 5 3 . 4 5  
18 . 4 4 
2307 . 8 0 
1193 . 8 8 
2 9 6 . 2 3 
4 9 4 . 4 4 
7 1 . 17 
14 152 . 7 4 
F p( F) 
4 6 . 4 9  . 0 0 0 1  
1 . 4 2 • 2 4 .; 6 
109 . 6 0 . 00 0 1  
. 2 8 . 7 5 3 1  
9 3 . 19 . 00 0 1  
• 4 1  . 6 6 7 3  
2 5 0 . 0 6 . 0 ( l 
. 9 0 . 4 (  . 3 
3 . 8 1  . 00 2 6  
2 . 3 7 . 0 9 6 3  
7 . 9 0 . 0 0 5 4  
. 5 7 . 5 6 7 3  
Note : Degrees  o f  Freedom for Model , S ite , Sdx , Int er­
act ion , and Error are 5 ,  2 ,  1, 2 ,  and 2 2 6  respect ively . 
7 1  
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interac t ion differences. To see if this was possible 
another statistical procedure was employed. 
This statistic was accomplished by using the GLM pro­
cedure of SAS (SAS Institute , Inc. 1982) . Adj ustments for 
age were made to see if differences among the sites would 
still exist. Multiple linear regression analysis and least­
squares means were calculated for each variable. 
The difference between bivariate linear regression and 
multiple linear regression is that only one independent 
variable is used in bivariate linear regression , but two or 
more independent variables are used in multiple linear re­
gression. The independent variables in the multiple re­
gression analysis were site , sex , and age. The calculated 
least�squares means were estimates of the class or subclass 
arithmetic means that would have been expected had equal 
subclass members been obtainable. 
The results of these analytical steps indicate that 
significant intergroup differences exist. Six variables 
are significantly different between the Larson and Mobridge 
sites while only one· variable is significant between the 
Leavenworth and the Larson sites. Tables 16 and 17 provide 
the significant multiple linear regression analyses and the 
probabilities of obtaining greater F values if the least­
squares means were equal. F ive of the six variables also 
exhibit significant age changes. The values for the prob­
ability of obtaining greater F values of these six variables 
Table 16 .  S ign ificant Mult iple L inear Re gre ss ion 
Analys is Result s. 
Variable Source Type I I I  SS F p ( F ) 
APN Mode l 2485. 17 1 30. 84 . 000 1 
Sit e  47. 86 5. 04 . 0072 
Sex 2344. 6 6  493. 76 . 0001 
Age 57. 48 12. 1 1  . 0006 
Error 1077. 10 
MLN Mode l 305 . 70 23. 95 . 000 1 
S it e  51. 6 3  8. 09 . 0004 
Sex 242. 10 75. 88 . 0001 
Age 1. 3 8  . 43 . 5121 
Error 724. 28 
CNF Mode l 10654 . 47 101 . 86 . 0001 
S it e  518 . 40 9. 91 . 0001 
Sex · 9704. 42 371. 12 . 000 1 
Age 248. 34 9. 5 . 0023 
Error 5935. 80 
CMS Mode l 9884. 28 123. 79 . 0001 
S it e  243. 3 3  6 . 09 . 0026 
Sex 9373. 67 469. 58 . 0001 
Age 169. 69 8. 50 . 0039 
Error 453 1. 3 8  
CMH Mode l 526 6. 25 62. 47 . 0001 
S it e  223 . 44 5. 3 . 0056 
Sex 4947. 90 234. 79 . 0001 
Age 73. 51 3 .49 . 06 3 1  
Error 4783. 75 
DMC Mode l 4 791. 41 1 19. 54 . 0001 
Site  1 6. 94 . 85 . 4308 
Sex 4 6 19. 5 7  4 6 1. 0 1  . 0 0 0 1  
Age 51. 58 5. 15 . 0242 
Error 2274. 6 6  
7 3  
Note : Degrees  o f  Freedom for Model, Site, Sex ,  
Age , and Eiror are 4, -2, 1, . 1, and 227 re spect ively. 
Table 17 . p { T )  if the Null Hypothesis States : The 
Least- Squares Means of One Group Equals the 
Least-Squares Means of Another Group . 
Variable Sites That Vary Significantly p ( T )  
APN 39WW1 with 39WW2 . 00� 1 
MLN 39WW1 with 39WW2 . 0002 
MLN 39C09 with 39WW2 . 04 4 4  
CNF 39WW1 with 39WW2 . 0001 
CMS 39WW1 with 39WW2 . 0006 
CMH 39WW1 with 39WW2 . 0014 
DMC 39WW1 with 39WW2 . 007 1 
7 4  
7 5  
are the same or approximately the same f or th� corresponding 
probability of . obtaining greater F values ( also Type I I I 
S S ) found in the previous MANOVA re�ult s that examined the 
intergroup variation of site, sex, and interaction differ-
ences. Therefore , this indicates that when age adj us tment s 
are made the same results remain significant. 
Multiple Analys is of Variance for Intergroup Differences 
Using Principal Component Scores 
Determining how intergroup variation is related to 
intragroup patterns of variation can also be accomplis hed 
with MANOVA using principal component scores as the depen­
dent variables and the site , sex , and their interaction as 
the independent variables. However, before principal com-
ponent s can be used in a MANOVA, the compone�ts ' coefficient 
matrix mus t  be used - to calculate individual component scores . 
This is done us ing the SCORE procedure of SAS ( SAS Ins titute , 
Inc. 1982 ) . Individual Z-scores converted from raw vectors 
of each individual are multiplied by the components ' co­
efficient matrix to produce principal component scores with 
a mean of zero and a s tandard deviation of one. 
Results of this MANOVA are presented in Table 14 . 
Not only are the result s obtained significant for the site 
and sex ef fect s, but the interaction of site and sex is also 
significant. The result s of the ANOVA for the principal 
component s are presented in Table 18. The ANOVAs of the 
Table 18 . ANOVAs for Site , Sex , and Int eract ion Effect s 
( Princ ipal Component Scorea ) .  
























































Tvoe III  SS 
3 3 09 . 98 
57 . 18 
1087 . 04 
3 . 47 
1392 . 14 
27 . 94 
14 . 48 
ll . 4 6 
5 . 5 6 
4 2 6 . 99 
18 . 99 
5 . 19 
7 . 18 
2 . 6 4 
313 . 51 
17 . 8  
4 . 0l 
2 . 17 
6 . 3 1 
2 3 3 . 7l  
ll . 98 
3 . 19 
9 . 97 
l . 20 
167 . 29 
23 . 7 2 
. 82 
16 . 88 
3 . 0 6 
137 . 23 
l3 . l9 
l . 15 
7 . 28 
. 32 
116 . 22 
5 . 65  
. J S 
2 . l9 
. so 
9 8 . 5 4 
7 . 16 
. 14 
l . 67 
6 . 2 6  
9 6 . 44 
6 . 18 
5 . 50 
. 3 6  
. 31 
67 . 2 7  
7 . 27  
. OS 
5 . 24 
. 4 5  
5 3 . 77 
F 2( F ) 
107 . 4 7  . 0001  
4 . 6 4 . 0 106 
2 73 . 87  . 000 1 
. 2 8  . 754 9 
2 . 9 6 . O l• J 
l . 99 . 13 8 6  
5 . 5 1 . 0 19 8 
l . O l . 3 65 4 
2 . 92 . 0 143 
l . 9 9 . 1386  
5 . 5 1  . 019 8 
l . O l . 3 654  
3 . 4 4 . 00 5 2  
l . 94 . 14 5 9  
2 . 10 . 14 9 0  
3 . 0 5 . 04 9 3  
3 . 78 . 00 2 8  
2 . 15 . ll86 
13 . 4 6  . 00 0 3  
. 81 . 44 5 8  
7 . 81 . 0001  
. 6 7 . 5 ll2 
27 . 80 . 0 0 0 1  
2 . 5 2 . 08 3 1  
5 . 13 . 00 0 2  
l . ll . 3 3 0 1  
l4 . l5 . 0 002  
. Jl • 73 5 5  
2 . 5 9 . 0 2 6 5  
. 4 0 . 6 6 7 6  
5 . 0 2 . 0 2 6 1  
. s8 . 5 62 0  
3 . 3 6 . 00 6 2  
. 17 . 8424  
3 . 94 . 04 8 5  
7 . 34 . 00 0 8  
4 . 15 . 0 013 
9 . 24 . 00 0 1  
l . 24 . 2 6 6 6  
. 51 . 5 983  
6 . ll . O O O l  
. ll . 89 5 4  
22 . 0 3  . 00 0 1  
. 94 . 3 915 
7 6  
Princ ieal 
Table 18 . ( cont inued ) 
Comeonent Source T:;a�e I I I  SS 
12 Hodel 12 . 0 3 
Site 3 . 3 6 
Sex l. 54 
Interact ion 1 . 6 1 
Error 3 8 . 2 6 
13 Model . 7 3 
S ite  . O S 
Sex . 0 0 0 6  
Interact io� . 3 9 
Error 2 9 . 9 2 
14 Model . 9 1 
Site . 4 5 
Sex ., 2 6  
I nteract ion . 0 0 3  
Error 11 . 70 
7 7  
F e<.Lt 
14 . 2 1  . 00 0 1  
9 . 9 3 . 00 01  
9 . 10 . 0 0 2 8  
4 . 7 5 . 00 9 5  
1 . 10 . 3 6 2 1  
. 17 . 84 1 8  
o . oo . 94 54 
1 . 4 6 . 23 3 7  
3 . 5 . 00 4 7  
4 . 3 8 . 01 3 6  
5 . 0 9 . 02 5 0  
. 0 3 . 97 3 2  
Note : Degree s o f  Freedom for Model , S ite , Sex , 
Interact ion , and Error are 5 ,  2 ,  l ,  2 ,  and 2 2 6  respect ively . 
7 8  
firs t two components indicate that they contribute t o  s i te 
and sex differences , but not to the overall s ignificant 
interaction �ffect . The third component' s res ults indicate 
a s ignificant difference exis ts for sex onl y and no contri­
bution to the overall interaction effect. The fourth com­
ponent' s res ults indicate that, although this component does 
not contribute to group and sex differences , their interac­
tion is s ignificant at the . 0493 level. 
A clos er look at the ANOVAs for the rema ining ten 
principal components reveals that the ninth and twelfth 
principal components contribute s ignificantly to the overall 
interaction effect. The ninth component ' s  ANOVA results 
indicate that this component contributes to sex differenc e s  
a t  the . 04 8 5 level and to the overall s ignificant inter­
action effect at the . 0008 level. 
The twelfth component also has ANOVA results whic h 
indicate that this component contributes to the s ite differ­
ences at the . 0001 level, the sex differences at the . 002 8 
level, and the overall interaction effect at the . 0095 level. 
Finally, the tenth and fourteenth principal components bot h 
contribute to the s ite differences at the . 0001 and ·. 0136 
levels, respectively, while only the fourteenth principal 
component contributes to the sex differences at the . 02 5 0  
level. 
CHAPTER V 
DI SCUSS I ON AND CONCLUS IONS 
The obj ect ive of this inquiry has been to  present  more 
informat ion . on whether or not the t ib ia is capable of ex­
plaining intragroup and intergroup var iat ion . Two broad 
quest ions , dealing with the ident if icat ion of  intragroup 
and intergroup pat terns of  variat ion and their relat ionship 
have been addressed . Principal component analysis was used 
to  examine Ar ikara intragroup t ib ial variat ion .  B ivar iate 
linear regress ion analyses were used to determine if  any 
of  the var iables from the Larson t ib iae displayed any 
changes , and using Larson individuals with both sides 
measured , paired T test s were executed to  examine the possi­
bility of  intragroup side differences . MANOVA was used to 
determine if  signif icant intragroup sex di f ferences occurred . 
Canonical discr iminant funct ion analysis was used to  gen­
erate a pooled within-groups correlat ion matrix ,  group means 
on canonical var iables , and Mahalanob is distances between 
the groups . Then , mult iple linear regression analyses were 
used and least -squares means calculated t9 make adj ustments 
for age and determine if signif icant intergroup var iat ion 
st ill occurred within several var iables . Using the pr inci­
pal component scores , MANOVA · was used again to  determine 
which components separated the Arikara groups and t o  examine 
how intergroup var iat ion was related t o  pat terns of 
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intragroup var iat ion . 
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This last  c hapt er wi l l  concentrate 
on int erpre t in g  t he res ults  of t he se s tat is t ical an alys es , 
drawin g conc lus ions from t he s e  re s u lt s , and re lat ing the s e  
conc lus ions t o  several o t her que s t ions r a i s e d  i n  t he intr o­
duc t ion . 
I n tragroup Var i ation- -Tibial  Mo rpho logy 
One princ ipal component ana lys is wa s conducted to  ex­
p l ore t he exis te nce of intr agroup var iat ion in the Ar ikara 
t ibia . Hopef ully , t he inc lus ion of me as urement s · t ake n on 
t he· dis t a l  and prox imal art icular s ur f aces wi ll  provide 
other import ant f unct ional inf ormat ion about t he t i bia  that 
Z obe c k ' s ( 19 8 3 ) re s e arch did not prov id� . Alt hough the s e  
compo nent s ar e comp let e ly d i s cus s ed i n  morpho l o gical and 
f unc t i onal terms , it must  be kep t in mind t hat be caus e of 
t he ir mat hema t ical  nature , a s e ns ib le morp holo g ic a l  interp ­
ret at ion o f  a compone nt " . . . . doe s not aut omat ically conf er 
bi ologi c a l  reality up on it " ( Z obe c k  19 8 3 :  7 7 ) . Fourteen 
axe s or pr in c ip a l  components were ge ner ated . Eight are in­
cluded in t he pre s ent dis cuss ion . 
Pr inc ipal  component 1 ind i c ates  t he ge neral  robus t i ­
c i ty of  t he t ib i a . A look a t  a l l  14  load ings of this com­
pone nt reveals  that 13 me as urements  are give n apprec i ab le 
loadings and are pos it ive ly corre lat ed . The s e  re s ults  co­
inc ide with t he re s ul t s  of t he f irs t pr inc ip a l  compone nt 
loadings for t he Ar ikara t ibiae in Zobe ck ' s  ( 1 9 8 3 ) re s e arch . 
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'T his indicates that variat ion between ind ividuals in the 
direct ion of  this firs t ax is represent s a s imultaneous in­
crease or decreas e in all of  these 13 variables ( Van Gerven 
1972 ) .  Jol icoeur ( 19 63 ) has s ugges ted that whenever all 
variables are pos it ively correlated in s uch a manner , they 
indicate s i ze variat ion . 
This is  part ially true in this component because the 
fourteenth variable , the t ibial tors ion angle ( TTA ) , is 
negat ively correlated with all other 13 variables. The 
t ib ial tors ion angle is the only variable of this set in­
dicat ive of t ib ial shape. However , the loading for TTA is 
s o  close to zero that the correlat ion with the other 13 
variables eas ily could have been pos it ive. A look at the 
pooled within-groups correlat ion matrix ( see Table B - 1 ) re­
veals that TTA is negat ively correlated with. eight variable s  
( APN , !TN , CMS , MOA , BOA , OMC , DLC , and BPA ) and pos it ively 
correlated with f ive variables ( TML , MLN , CN F ,  CMH , and LDA ) . 
Principal component 2 displays a pos it ive relat ionship 
between an anterior-pos terior s ize of the dis tal art icular 
s urface ( MOA and LOA ) and the nutrient foramen pos it ion 
( I TN ) .  This component indicates that any variation between 
individuals in the direct ion of  this second axis represent s 
a s imultaneous increase or decrease in MOA , LOA , and !TN . 
Furthermore , it indicates that if these three var iables do 
increas e or decreas e then ML N ,  CN F ,  CMS , APN , and CMH will 
do j us t  the oppos ite because they are negat ively correlated . 
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Pr incipal component 2 indicates that the lar ger the anter ior ­
poster ior distances of the distal art icular sur face , the 
f urther down the shaf t the nutrient foramen , and the smaller 
t he shaft si ze . This lat ter part . makes morphological sense 
because t ibial shaft si ze tapers from the prox imal to distal 
end . 
I TN also has an impressive loading in pr incipal com­
ponent 3 and is posit ively correlated with maximum t i b ial 
length ( TML) and t ibial torsion angle ( TTA) , the highest 
2 oading in t his component .  Apparently , t he relat ionship 
of I TN to the total morphological pat tern of the t ib ia has 
two def init ions . This component suggests that var iat ion 
between individuals in the direct ion of t his third ax is rep­
resents a simultaneous increase or decrease in TTA , TML , 
and I TN . Nine other loadings of pr incipal component 3 are 
negat ively correlated wit h TML , ITN , and TTA suggest ing that 
the longer the t ibia is the more slender it is at both epi­
physes and t hroughout t he shaft .  The longer the t ibia ,  the 
further t he nutr ient foramen is from the proximal epiphysis 
and t he larger t he t ib ial torsion angle . 
Trot ter and Gleser ( 1952 , 1958) have demonstrated that 
an individual ' s  stature is directly related to the long bone 
lengt hs .  Therefore , the longer a t ibia , the . taller the in­
dividual , and consequently , t he furt her away from t he ground 
that individual ' s  center of gravity is . As the distance 
between t he ground and the center of gravity increases t he 
8 3  
feet turn out to stabilize the body. This can be accomplish­
ed by external rotation of the distal tibia. An analogous 
situation is a column resting on a pedestal. The taller 
the column, the larger the pedestal must be to prevent the 
column from toppling over. 
The pooled within-groups correlation matrix { see Table 
B- 1 )  indicates that ITN is correlated with TML ( . 5 12 6 )  more 
than LDA ( . 1 2 1 3 ) or MDA { . 1 7 5 2 ) ,  and the correlations of 
!TN with TTA, MLN, CNF, and APN are very small ( -. 0 1 16 , 
. 0 0 2 5 , - . 0 4 8 2 ,  and - . 0 2 4 7  respectively). The possibility 
exists that the second and third components may even repre­
sent conflicting pressures influencing the nutrient foramen 
po?ition. Principal component 3 in this inquiry is similar 
to principal component 2 in Zobeck ' s ( 19 8 3 ) analysis and 
may also be ". . a simple reflection of the preservation 
of proportionality of the tibial length dimensions" (Zobeck 
1 9 8 3 : 8 7 ) .  The meaning of principal co�ponent 2 remains un­
clear and complex. Longia et al. ( 19 8 0 ) find that nutrient 
foramina are almost always present on the posterior flexor 
aspect of the tibia. They believe that several factors from 
periosteal, musculature, and vascular theories contribute 
to the nutrient foramen position. Ljunggren ( 19 7 5 . ) also 
has shown that differences in tibial shaft diameters are 
associated with differing degrees of torsion produced by 
muscular forces acting upon the shaft. She further suggests 
that proximal shaft diameters are influenced by the amount 
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o f  tor s ion cre ated by t he s o leus , pop l ite us , pos ter ior 
t i b i a l i s , and f lexor d i g i t orum lo ngus mu s c le s  t ha t  at t a ch 
. on t he prox imal ha lf of t he t i b ia . N o  mu s c le s  a t t ach on 
the dis t a l  ha l f  of t he t ib i a , a c o ndit ion t hat cont r ibu t e s  
t o  a more c ir c u lar s ha f t . Other r e s e archers have s hown that 
( l ong ) bone remode l i ng is d ir e c t  evidence o f  s tr e s s e s and 
s t rains  exe r t e d  upon t hem by mus c le s , l i game n t s , and o t her 
externa l ( be n d i n g  and r o t a t i n g ) forces ( Evans 19 5 2 ; En low 
1 9 6 3 ; Fro s t  1 9 6 4 ; Garn 1 9 7 0 ; Hoyte and En low 1 9 6 6 ) . 
Pr i n c ip a l  comp onent 4 s u gge s t s  a pos it ive r e l a t ion s h ip 
be twe e n  TTA , L DA ,  and MDA . I n  o t her words , any var i a t i o n 
be twe e n  individuals in t he d irec t ion o f  t hi s  f o ur t h  ax is 
repr e s e n t s  a s imul t aneous chan ge in TTA , LOA , and MDA . 
App are n t ly ,  t he relat ions hip of TTA t o  t he t o t a l  morp ho ­
logical p a t tern o f  t he t ib i a  a l s o  may have two de f i n i t ions . 
S t au f fer e t  a l . ( 1 9 7 7 ) f ound in t he ir re s e arch t ha t  
t he ankle j o i nt bears compres s ive for ce s up t o  f ive t ime s 
body we i ght dur i n g  norma l wa lking . I f  t he walki n g  pace was 
s l owe d , the c ompre s s ive f or c e s  incre a s e d . This f orce in 
t he ankle was a lways gre ater t han t he f orces de t e rmine d for 
t he knee and hip . Perhap s L DA and MDA would incre a s e  if 
gre ater c ompres s ive f orce s be gan to act on t he a n kle . I f  
t he � e  c ompre s s ive force s rema ined c o n s t an t  over a long 
pe r iod o f  t ime , the n  an incre a s e d  sur face are a would al low 
for gre ate r d i spers ion o f  t he s e  f orces . 
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Also , Lanyon et al . ( 1 9 7 5 ) conducted in vivo measure­
ment s of s trains on the anteromedial surface of human adult 
t ib iae dur ing walking and j ogging . Their res ult s ind icate 
that dur ing walking high shear s tres s appears in the later 
port ion of the gait cycle, indicat ing s ignificant tors ional 
loading. This tors ional loading indicates external rotat ion 
of the t ibia dur ing stance and push off. Other result s in­
dicate that dur ing j ogging compres s ive forces are the main 
s tres s dur ing toe s tr ike followed by high tens ile stres s 
dur ing push off . Shear s tres s remains minimal throughout 
the s tr ide, ind icat ing lit tle or no tors ional loading. The 
tors ional loading indicates both internal and external rota­
t ion of the t ibia in an alternat ing pat tern. 
Returning to the impres s ive loadings of pr incipal com­
ponent 4 ,  the pos it ive relat ionship between TTA , LOA, and 
MDA now makes sense morphologically . For an ind ividual who 
habitually walks, the compres s ive forces on the dis tal ar ­
t icular surf ace and the ex ternal tors ional loading woul d 
be cons is tently high. Over a per iod of t ime, these s tres ses 
on the t ibia would result in greater dimens ions of TTA, LOA , 
and MOA. For an ind ividual who habitually runs, the com­
pres s ive forces on the dis tal art icular surface and the ex­
ternal tors ional loading would always be cons istently low. 
Over a per iod of t ime, these diminis hed s tres ses on the 
t ibia would result in smaller dimens ions of TTA, LOA , and 
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MDA . These conc lus ions are not de f in i te and wi l l  have t o  
awa it f urther analys is o f  t his t ype . 
Two ot her pr in c ipal compone n t s , t he n i n t h  and twe l f t h , 
are a l s o  d i s c u s s e d  her e . Pr inc ip a l  compone n t  9 re f le c t s  
a tre n d in s hape . I t  s ugge s t s  a negat ive re lat ionship be ­
tween  L DA and two other var iables ,  MDA and B DA .  This pr i n ­
c ipal comp onent pr obably spe c i f ie s  t he s hape of t he dis tal  
art icular s ur f ace . This component indicate s that any var ia­
t ion be tween indiv idua ls in t he d irect ion o f  this ninth ax is 
!"epre s e n t s  an incre s ae in L DA and a s imul t ane ous  de crease 
in MDA and BDA and vice vers a .  I n  ot her words , the di s t al 
ar t icular s ur face has a funne l - s hape d appearance , ope n i n g  
t o  the lat e ral s ide a n d  pos s ibly to  the med ial s ide . Two 
exp lanat ions can be given to int erpre t t hi s  compone nt . 
Norma lly , the maj or we ight -bear ing are a  is on t he 
lateral d i s t a l  ar t i cular s ur f  ace , bec aus e of a larger an­
ter ior-pos t e r i or dis t ance o n  t his s ide and a s horter ant e r ­
ior -pos ter ior dis t ance o n  t he me dial s ide due t o  less  
contact are a wit h  t he t alus . Rams ey and Hami lton { 19 7 6 ) 
noted change s in the t ibiota lar contact  are a pr oduce d by 
latera l t a lar s hift . This l ateral t a l ar s hi f t  by one or 
two mi l l ime t e r s  occur s  quite fre quent ly fol lowin g maj or 
sprains and f r a c t ures of t he ankle j o int , and i f  not c or ­
re cted can lead t o  gros s biome c hani c a l  al:_erat ion s i n  t he 
an kle j o int . The re s u lt ant c on t act  area s hi f t s  t oward t he 
me dial s ide incre as ing BDA as we l l  as MDA . W i t h  t ime , 
degenerative changes occur in the ankle j o int. 
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Some distal 
articular surf aces of the sample employed here have degen­
erat ive changes occurring around the margins of the distal 
articular surfaces and some surfaces even exhibited eburna­
tions. Posttraumatic degenerative changes in the ankle are 
not rare , . yet degenerative changes in the ankle due pri­
marily to rheumatoid arthritis are virtually unknown 
(Stauffer et al. 1977) . 
Another explanation for the ninth princ ipal component 
involves genu varum (bowlegged) and genu val gum ( knock-
kneed) . If an individual retains a more laterally placed 
we ight-bearing ax is in -the knee j oint ( genu valgum) , then 
the weight-bearing ax is in the ankle j o int is more medially 
placed. If an individual grows up and retains a more 
medially placed weight-bearing ax is in the �nee j o int (genu 
varum) , then the weight-bearing axis in the ankle j oint is 
more laterally placed. In other words , a certain degree 
of bowleggedness or knock-kneedness influences the degree 
of lateral tibiotalar contact area and medial tibiotalar 
contact area respectively. Whichever side the maj or contact 
area is on might determine the funnel shape of the distal 
articular surface. 
ex ist. 
Of course , intermediate shapes also 
An examination of the descriptive statistics for site 
by sex (see Tables A-9 through A-14) reveals that the means 
for L OA in both sexes is always several millimeters larger 
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than the means for MDA in both sexes. Furthermore, the 
means for BDA in both sexes is always several millimeters 
larger than the means for LDA in both sexes. This indicates 
that in the majority of tibiae the funnel shape of the dis­
tal art icular surfaces open on the lateral side. 
Finally, principal component 12 displays a positive 
relationship between the circumference at the midpoint be­
tween the midshaft and the most distal point of the medial 
malleolus (CMH) and the maximum tibial length (TML). This 
principal component indicates that any variation between 
individuals in the direction of this twelfth axis represents 
a si�ultaneous increase or decrease in both of these vari­
ables. 
As previously mentioned in a discussion of principal 
component 3, TML and TTA are positively correlated. Frankel 
and Burstein (1965)  have noted that hollow circular sections 
of constant dimensions are best suited to carry torsional 
loads. Lovejoy et al. (1976) showed that the most eurycn­
emic por t ion of the t ibia is found in t he middle of the 
distal half of the tibial shaft. This being the case, one 
would expect CMH to increase as TML increased. Furthermore, 
as the TML increased and the externai torsional loading in­
creased , one would expect a larger CMH to counteract a lar­
ger external torsional force. 
Principal components 10 and 14 are also mentioned here . 
An actual interpretation of these two principal components 
is s imple 
loading . 
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because each one conta ins only one s ign if icant 
The s ign ificant loading for principal component 
10 is DMC and the s ign ificant loading for principal compo­
nent 14 is CNF. Perhaps the use of a larger variable set 
might contain other variables that are correlated with DMC 
and CNF. 
I nterpret at ion of these principal component s does not 
lead to definite conclus ions. Other · analyses of this type 
employing more linear and angular measurement s of the t ibia  
from this and other populat ions are needed before these con -
clus ions are more firm . However , several of the pr incip al 
componen t s  are s imilar to those Zobeck ( 1 9 83) obt ained and 
do lend support to a few of the conclus ions. 
Principal component 1 ,  general t ibial s ize , has a 
pat tern of variat ion very s imilar to the firs t princip a l  
component in Zobeck ' s an alys is. Principal component 3 
( nutrient for amen pos it ion ) is also s imilar to the se cond 
principal component in -Zobeck ' s analys is . Principal compo-
nent 2 ( nutrient foramen pos it ion and dis t al art icular s ize ) 
does not present the bes t results for comparison with one 
of Zobeck ' s  principal components. However, each component 
indicates that the nutrient foramen . pos it ion is negat ively 
related to the s ize  of the shaft. The difference in the 
variable set of this inquiry and Zobeck ' s stuc;Iy does not 
allow for further comparison of any of the other pr incipal 
components. 
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Finally , further analyses dealing with variable sets 
that inc lude the artic ular surf aces of the tibia as we ll 
as the other bones the tibia articulates with, need to be 
conducted in orde r to have a clearer morphological and func­
tional understanding of these principal components. The 
measurements of the distal artic ular surface also need 
better defined landmarks to be re liable dimensions and re -
duce measurement error. A more suitable variable s�t nee ds 
to inc lude internal variables from cross se ctions of the 
tibia. This would lead to a better morphological and func -
tional understanding of the tibia ' s  size and shape. 
Intragroup Variation--Age Changes 
Puskarich ( 1984 : 128) noted a personal communication 
from Owsley that II there are indications that demo-
graphic profiles of Arikara sites employed do differ. " Con­
se quently, she speculated that possible modifications in 
pe lvic morphology attributable to an individual ' s age might 
be responsible for intergroup differences she noted in her 
research ( Puskarich 1984 : 128). · Her results showed no sig­
nificant age changes in any variables of the female pe lvis, 
and conse quently, did not account· for the observed inter­
group differences in pe lvic morphology. 
A similar speculation was made here. Name ly, . it is 
possible that tibial morphology modifications due to age 
might produce the intergroup differences noted in this 
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inquiry . Howe ver ·, t he re s ult s o f  the mu ltiple  lir:.e ar re ­
gr e s s ion analys es  and the ca lculated le as t - s quare s me ans 
s t at is t ics indicated that this  is not the case . On ly t he 
Larson s ample s i ze  adequate ly represented  all age groups . 
Furthermore , male and fema le adu lt t ibiae from this s ite  
we re tre ated sep arate ly to explore the ex is tence of  age 
chan ge s in t ibial morp hology of each s ex . Be cause only 
adult t ibiae were analyz ed , no s ubadult growth and deve lop ­
me nt change s  were pre s e n t . 
Several results  of  the linear re gre s s i o r. anc: lys es 
acqu ired for t he t ib i a  are dis covered to be very s i gn i f i ­
c ant . The t ibi ae of the Lars on fema le s exhib it s ix var i ­
able s  wit h age changes , and the t ibiae o f  t he Larson male s 
exhibit two var iab les wit h age c hanges . All the s i gn : f i c a : t 
female var iables , CNF , APN , CMS , BPA , MLN ,  and DLC , increa� e 
with age ( s ee F i gures 5 ,  6 ,  7 ,  9 ,  10 , and 12 ) .  The two . s ig­
n i f i cant ma le var iables , APN and CNF , incre ase and t he n  d� -
cre ase  with  age ( s ee Figures 8 and 1 1 ) . All s ignifican t  
var iable s involve the s haft except BPA and DLC . 
Several  re searchers have demons trated that vigorous 
p hys ical  act ivity incre ases  anterior-pos ter ior be nding 
forces  in t he t ibia  ( Franke l and Nord i n  19 8 0 ; L anyon et a � . 
1 9 7 5 ; Finlay e t  al . 1 9 8 2 ; Currey 19 6 8 , 197 0 ;  Kimura 19 7 4 ; 
Love j oy e t  al . 1 9 7 6 ) .  The s e  be nding forces , a comb inat ion 
o f  tens ile and compre s s ive s t re s s e s  and s trains , are the 
direct  re s ult of  pos ter ior s hank mus c le s . According to 
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Wolff ' s  law (18 7 0 ) , the tib ia will respond t o  tn� � s  bending 
forces created by these muscles in s uch a way as to max imize 
the res istance to failure by depos iting bone where it is 
needed and resorb ing bone where it is not needed. Following 
this biomechanical explanation, an interpretation of  the 
age changes of the variables CNF  and APN in both sexes may 
be given. 
If the phys ical activity of Larson males and females 
was vigorous throughout their adult lives, then bending 
forces due to muscular lower extremities of the sa:ne high 
intens ity would have been placed on the tib iae cons tantly. 
Thes e forces would lead to increas ing dimens ior: s of both 
APN and CNF  throughout an individual ' s  life. 
In addition, the medial-lateral diameter .:it the 
nutr ient foramen (MLN ) ,  a meas urement taken at the same 
level of  the s haft as APN and CNF, als o increases  with age 
in Larson females.  Perhaps this  is due to the larger medial­
lateral bending forces placed on the tibia because of the 
broader female pelvis . (Lovej oy et al. 1973 ; Burr et al. 
1977· ) . Also, if  the females carried heavy loads such as 
crops and water on their s ides throughout life , this would 
also  increase medial-lateral bending forces in the lower leg. 
Why APN and CNF display an increase and then a decrease 
with age in the Larson males is perplexing espec ially . s ince 
this pattern does not occur at all in any of the s ignificant 
female var iables. In their demographic analys is  ·of  the 
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Larson s ite , Ows le y and Bas s ( 1 9 7 9 ) indicate that becaus e 
all ages and both sexes are included in the skeletal dis ­
tr ibut ion , socio-cultural exclus ion of selected age-s ex­
clas s grading did not ex is t . However , Owsley and Bas s also 
indicate that the skeletal dis tri�ut ion may be biased : 
I t  is  pos s ible , however , that the village was un­
occupied by certain health or age groups during 
specific seasons . Tradit ionally the Arikara prac­
t iced a shift ing settlement pat tern which included 
seas onal hunt ing expedit ions ( Hurt 19 6 9 ) .  I n  June 
and July, for example , some villages were nearly 
abandoned with the maj ority of villagers moving into 
the prar ies for the summer hunt . Accord ing to re­
port s , only the old , s ick , and incapacit c ted remain­
ed in the permanen t villages to guard the fields 
( Hurt 19 6 9 ) . This pat tern may sugges t some bias 
s ince thi s part of the populat ion would have con­
tributed mos t to the cemetery sample . The locat ion 
for intermen t of individuals dying away from the 
villages is  uncertain ( O�sley and Bas s 19 7 9 ; 1 7 6 } .  
I t  is  pos s ible that those who died away from the villages 
were brought back . Perhaps the decreas es that occur in the 
s ign ificant male variables reflect some sort of bias in  the 
las t  two male age groups ( see Figures 8 and 11 ) .  I t  is  not 
known whether this pos s ible bias is due to the skeletal di s ­
tribut ion of the cemetary or the sampl ing dis tribut ion , but 
apparently , the las t two male age groups are repres ented 
by les s robus t t ib iae than expected . It is pos s ible that 
no bias ex ists  and that the obs erved male pat tern in these 
two variables does , in fact, take place . If this is the 
case , no explanat ion can be offered to aid in unders tanding 
this pat tern . 
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The increase in CMS for Lars on female tibiae, the age 
change with the greatest F value, 12. 48, at the . 0007 level, 
may be due to the same previous ly mentioned constant forces 
or pos sibly some other forces not identified. Speculation 
concerning the age changes of CMS would have been enlighten­
ed if the anterior-posterior and medial-lateral diameters 
at this level of the shaft had been part of the variable 
set. 
Finally, two other variables, BPA and DLC, increase 
w ith age in Larson females . Unfortunately, due to the 
nature of the variable B PA, there is no way to determine 
if the increas e results from an overall increase in the 
entire proximal articular surf ace or if the medial-lateral 
distance of only one of the tibial condyles is increasing. 
The tibial condyles are the main loa�-bearing struc­
tures in the knee while the cartilage, menis ci, and liga-
ments als o  bear loads. The menisci help distribute · the 
stres ses on the tibial condyle . Several studies have been 
conducted on the s ize and s hape of the articular surfaces 
of the knee (Walker and Haj ek 1972 ; Morrison 1968, 1969, 
1970 ; Lj unggren 1978), and they provide clues to interpret 
the age changes of BPA and DLC in Lars on females. 
During early childhood and throughout late adolescence, 
if unusually large compres sive forces act on the lateral 
or medial s ide of the unfused prox imal epiphysis of the 
tibia, longitudinal growth s lows or stops. This phenomenon 
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has been demonstrated by Haas ( 194 5 ) , Blount and Clarke 
(1949) , and Arkin and Katz (1956) . When the longitu�inal 
growth slows or ceases on one side, the longitudinal growth 
on the opposite side continues or may eyen accelerate and 
eventually, a growth imbalance between the medial and lat-
era! sides of the proximal tibia occurs. If  the body does 
not detect this condition and spontaneously correct it , a 
medial-lateral or a lateral-medial tilt occurs in the proxi­
mal tibia. This tilt, depending on the direction, can re­
sult in genu valgum (knock-kneed ) or genu varum (bowlegged ) 
and after epiphyseal union, persists throughout life. 
An habitual knee position associated with genu valgum 
redistributes the normal maj or contact area of the knee from 
the medial condyle (Morrison 1970 ) over to the lateral con­
dyle, creating a condition which will lead to an increase 
in DLC as well as the breadth of the lateral condyle. This 
change in the breadth of the lateral condyle would contri-
bute to the overall change in BPA. As an individual ages, 
the changes in the lateral condyle become degenerative, and 
bone reactions occur around the margins of the lateral con­
dyle. 
If Larson females began carryi�g heavy loads at a 
young age (before the fusion of the distal and proximal 
tibial epiphyses) , then the compressive forces on the knee 
might create the condition j ust described. Lj unggren (1979 : 
232) has observed that " j oints will allow less 
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dimensional divergences, and accordingly the inf luence of 
external forces wil l  mostly appear in the non-articular 
parts of the bone . " I f  Lj unggren is correct, a very strong 
external force might have been the cause of the observed 
age changes of BPA and DLC in the Larson female tibiae . 
There is another explanation which might account for 
a l l  of these observed age changes and the fact that linear 
changes are observed in females and not in males . Several 
studies have shown that as the skeleton matures and ages, 
the endosteal diameter of long bones increases while the 
compact cortical · bone thickness decreases ( Barnett and 
Nordin 1960; Meema and Meema 1969;  B loom and Laws 19 7 0 ; Garn 
19 7 0 ) ,  and at the same time , an accompanying increase in 
the subperiosteal diameter of the long bones occurs (Smith 
and Walker 1964 ;  Garn · et al . 1967; Garn 1 9 7 0; Epker and 
Frost 1966 ) . These changes are associated with a condition 
known as osteoporosis , abnormal rarefaction of bone . This 
phenomenon is far more prevalent in females than in males . 
Smith and Walker ( 19 64 ) pointed out that an increase 
in subperiosteal long bone diameters might be an adaptive 
response to the anterior-posterior bending forces . They 
further recognize that a uniform osseous outward drift would 
have " .  • more significance for subj ects in whom skeletal 
ingredients are diminished, since the resistance of the 
shaft to f lexure can be maintained even with less bone pro­
vided it has remodeled into a cortex of larger diameter " 
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(Smith and Walker 19 6 4 : 15 7 ) .  Smith and Walker ' s  conc lus ions 
have been supported by longitudinal studies revealing the 
same periosteal expans ion with aging (Garn 1970 ; Epker and 
Frost 196 6 ; I srael 197 3 ) .  
One problem with Smith and Walker ' s  proposed mechan­
ical stimulus for age-related subperiosteal expans ion in 
the femur is that the same age-related subperiosteal expan-
s ion occurs in other areas of the skeleton and under differ -
ent mechanical stimuli. This age-related subperiosteal 
expans ion occurs in the ribs { Epker and Frost 196 6 ) ,  skull 
{ I srael 19 6 8 , 197 3 ) ;  femur , second metacarpal , and tibia 
{ Garn 1970 ) .  Therefore , it is unlikely that bending forces 
are the only reason age-related increases in subperiosteal 
diameters occur. If the occurrence of osteoporos is in 
adults at the Larson s ite is more prevalent in the females 
than the males , then this may be the res on for more age­
related subperiosteal increases in females than in males. 
Perhaps the different male pattern is related to a more 
nutritious diet that slows or prevents osteoporos is in the 
last two · age groups. This male pattern may also' be a re-
flection of a more active lifestyle. 
This interpretation is incomplete because the cros s ­
sectional geometry . of Larson adult tibiae were unavailable. 
Cros s-sectional geometric properties are of great value when 
a biomechanical explanation is employed. . Future analyses 
s hould include cros s-sections at different levels of the 
98 
ti bial shaft to provide a thorough biomechanical interpreta­
tion of the Larson adult tibiae. 
Intragroup Variation--Side Differences 
Several researchers have noticed that dimensions in 
the right tibiae have value s that differ from the same 
dimensions in the left tibiae ( Lj unggren 1980 : Ruff and 
Jones 1981 : Ruff and Hayes 1983b ) .  For example , Lj unggr en 
( 1980 ) observed that certain external tibial size variables 
show lower mean values in the left tibiae than in the right 
tibiae of Lapps and medieval Norwegians. However , she finds 
no statistically significant differences betwe en the two 
sides. One dimension, the maximum tibial length , has con­
sistently higher values for left tibiae than the right 
tibiae. This agrees with a long held view that the entire 
left lower extremity , especially the tibia , is somewhat 
longer than the right (Martin and Saller 1957 ) . 
The results of Ruff and Hayes ( 1983b ) are contrary 
to those of Ljunggren ( 1980 ) .  They find that the side 
differences in cross sections indicate that left femora and 
tibiae generally are larger and have more cortical bone than 
the right femora and tibiae of Pecos Pue blo skeletal mater­
ial. They specifically point out that left femora and 
tibiae are relatively stronger in anterior -posterior bending 
and stronger in females than males. They suggest that cer ­
tain sex specific habitual physical activities in the 
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females might have placed greater anterior-posterior bending  
loads on  the left leg (Ruff and  Hayes 1983b : 398 ) .  
In this inquiry, the large s ample size of Larson made 
it pos sible to analyze data from left and right tibiae of 
the s ame individuals. One hundred ten tibiae representing · 
55 individuals ( 28 males and 27 females) were employed. 
An examination of the descriptive statistics for the left 
and right tibiae reveals no striking differences between 
the mean values for any of the 14 variables. Furthermore, 
the standard deviations and variances for all variables of 
both sides are almost always equal ( see Table A-4 and A-
5 ) • 
It is not s urpris ing that the res ults of the statis­
tical test reveal no side differences in any of the vari­
ables for either sex. Therefore, the size and shape of the 
tibia of both Larson sexes can be cons idered equal. Holder 
(1970 : 50) points out that the activities of the Arikara were 
11 • • • s harply demarcated by a sexual division of labor that 
extended throughout the entire village fabric. 11 Whether 
certain sex specific physical activities did place greater 
anterior-posterior bending forces or other forces more on 
one leg than the other in either sex will require larger 
sample s izes of both tibiae from the s ame individuals before 
these results become more definite conclusions. 
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I n tragr oup Var ia t i on - - Sexual Dimorphism 
For ye ars it  has be en re cogn ized t hat s exual dimor ­
p hism is import ant in many are as of rese arch . Recently , 
Zo be ck ( 1 9 8 3 : 9 9 - 1 0 8 ) br ie f ly reviewed t he l i t erature de al­
ing wit h sexua l dimorp hism in human and non- human pr imat es 
both living and s ke let al . I n  humans , varying s exual dimor ­
p hism has been attr ibut ed t o  ma lnutrit ion and dis ease ( Key 
1 9 8 0 ) ,  ge net ic agen ts ( Eve let h 19 7 5 ; S t in i  1 9 7 5 ) ,  some 
aggre gat ion of environmental and gene t ic agent s ( Gray and 
Wolfe 1 9 8 0 ) ,  and human be havioral elemen t s  ( Hall 19 8 2 ) .  
Zobe ck ( 1 9 8 3 : 1 0 2 ) conc ludes t hat t he " . . .  debate ove r t he 
causes  of chan ging pat terns of se xual dimorp hism is far fr om 
over . "  
Mos t s exual dimorphic re s e arch has be en concerned with  
the ex is tence of ent ire body s i z e  dif fere nces between t he 
s exes . I n  this are a , living he ight and s t at ure calculat ions 
( Trotter and Gleser  1 9 5 2 , 19 5 8 ) have played an important 
role . Several researchers have re cogn ized  t he difference s 
be tween  the ma le and fema le long bone s of t he lowe r extremi ­
t ies ( L j un ggren 19 7 5 , 1 9 7 6 , 1 9 7 9 , 1 9 8 0 ; Ruff and Haye s 19 8 3 b ; 
Van Gerve n 19 7 2 ; Mar gin and At kinson 19 7 7 ) .  Fur t hermore ,  
Syme s ( n . d . ) us ed t ibiae from t he Lars on s i te to as ce rt ain 
t hat this long bone wa s a good ind ic ator of sex . 
Syme s took ei ght me as ur ements  .. from 5 3  le f t  and 2 5  
r i ght t ibiae that represented  4 0  ma les · and 3 8  fema les . Us ing a 
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discriminant function analysis, calculating Mahalanobis dis-
tances and F scores, and calculating pe rcent of discriminat­
ing efficiency and the percent of individuals correctly 
classified, Symes (n. d. : 5) found " . fairly good separa­
tion for all variables suggesting there may be substantial 
sexual dimorphism displayed in the tibia with these partic­
ular measurements appearing sensitive to size differences " .  
The variables Symes used included five of the 14 variables 
in the set of this inquiry. They we re TML, APN , MLN, CNF, 
and CMS. Symes measure d  the breadths of the proximal and 
distal epiphyses instead of the breadths of the proximal 
and distal articular surfaces. The other variables in the 
set of this inquiry included four othe rs from the articular 
sur faces, LOA, MDA, DMC, and DLC, as well as ITN, CMH, and 
TTA. · The results of this MANOVA lends support to Symes' 
contention that significant intragroup variation of sex 
differences occurs in the tibiae of the Larson site. 
A comparison of the descriptive statistics for males 
and females reveals marked sex differences ( see Tables A-
2 and A-3 ) . The male means for all measurements except TTA 
are larger than the female means. The female mean for TTA 
is larger than the male mean. Re call that pr incipal compo­
nent 1 reveals that the first thirteen variables are indica­
tors · of the overall tibia size. 
The se x differences in the variables of the proximal 
shaft imply that the males are better adapted for anterior -
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posterior bending forces. Ruff and Hayes (19 83b) found the 
greatest in vivo anterior-posterior bending forces j ust 
below the proximal end of the tibia, a distance approximate-
ly 30 % of TML. Whether or not males or females are better 
adapted for medial-lateral bending forces can also be dis­
cussed but not to a great extent without internal variables 
of the medullary· and cortical areas. These tibial cross­
sections might indicate how much better the male tibiae is­
adapted for the anterior-posterior bending f6rces. 
I n  addition, the significant difference between the 
male and female CMH means are probably not the result of 
different anterior-posterior and medial-lateral bending 
forces . Observation by the author revealed more circular 
shafts on the distal half . Ruff and Hayes ( 1983b) found 
that in the distal tibia torsional loading predominates . 
Therefore, the more circular a long bone shaft, the better 
it can withstand torsional forces. Again, only geometric 
internal variables at this shaft level can assess how much 
better the male tibia is adapted for torsional forces. 
The sex differences found in the shaft may be explain-
ed two ways. First, sexual dimorphism �f the pelvis may 
explain the shaft differences. In females, the medial-
lateral breadth of the pelvic inlet and the center of the 
acetabulums are more lateral from the body center of gravity 
(Ruff and Hayes 1983b : 398) than in males. This, combined 
with a short gluteal abductor moment arm in the females, 
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creates an increase in the medial - lateral bending forces 
around the hip ( Lovej oy et al . 19 7 3 ; Burr et al . 19 7 7 ;  Ruf f 
and Hayes 1 9 83b : 3 9 8 } . These medial- lateral bending forces 
are distr ibuted throughout the ent ire lower extremit ies , 
and this should lead to bone remodel ing of the t ib ia to 
counterac t these forces . 
L j unggren ( 1 9 7 9 : 23 7 } also feels " .  . the more dif -
ferent iated growth in males compared to females is supposed 
to ref lect the general sexual hormonal di f ference as andro­
gens represent a more powerful growth promot ing factor than 
estrogens " . However , if  genotypical dif ferences were the 
only reasons responsible , the signif icant sex dif ferences 
between the shaft measurements would probably not have been 
signif icant or the female means for MLN might have been 
larger than the male means for MLN .  Apparently , there is 
another explanat ion needed to understand the ent ire complex 
pattern of sexual dimorphism in the si ze and shape of the 
t ib ia .  
'I'.�e sex dif ferences found in the shaft also may be 
explained by muscular strength di f ferences in the sexes , 
espec ial ly since the mode of living for Ar ikara men inc luded 
physical act ivit ies such as hunt ing and providing military 
protect ion while_ the mode of l iving for the Ar ikara women 
included physical act ivit ies such as gardening and basic 
household chores . Furthermore , sex spec i f ic physical 
act ivit ies began as soon as a chi ld could walk . Boys and 
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girls never played together . Boys ' games involved act ivi ­
t ies that would sharpen the ir sk ills as hunters and warriors 
while girls ' games involved playing house with dolls . The 
girls also spent much t ime helping the ir female relat ives 
with household chores such as cooking and learning act ivi­
t ies ( Powers 1 9 6 9 ; Holder 19 7 0) . Holder ( 19 7 0 : 5 7 )  noted 
that the 11 • • maj or work load was carried out by the 
middle group of pe opl e , twenty to  fifty years of age " , . the 
age range best represented by the samples in this current 
inquiry . 
Several studies involving the human gait and the 
forces ( axial , bending , and torsional) created ( Murray e t  
al . 19 6 4 , Murray et  al . 19 7 0 ;  Dougan 1924 ; Pate k  1926 ; 
Lanyon e t  al . 1 9 7 5 ; Jensen et  al . 19 83) are useful t o  under­
standing the act ion certain muscles have on the lower le g 
especially the development of at tachment areas on the proxi­
mal half of the t ibia . When an individual is walking , the 
line of gravity at heel strike lies posterior to the t ibia 
and exerts a ventrally posit ioned bending force on the t ibia . 
When an individual ' s  foot is in the toe off phase , the line 
of gravity lies anterior to the t ib ia and exerts a dorsally 
posit ioned bending force on the t ib ia. The muscles that 
move and stabiliz e the knee and ankle j o int counteract these 
bending forces caused by the body we i ght . 
The anterior t ib ialis muscle stabilizes the ankle 
during heel strike . This muscle originates on the lateral 
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and up per par t of t he t i b i a , extends down t he fron t of t he 
le g ,  and i n s e r t s  to t he prox imal end of t he f ir s t me t a tar s a l . 
This mus c l e as s i s t s  dor s i f l exion and invers ion of t he foot 
( Rom�nes 19 8 1 ) .  The an terior t ib i al is mus c le cont inue s 
s t ab i l i z a t ion t hrough mid- s t an ce . Then it re laxe s and t he 
c a l f  mus c le s  t ake over , co nt inuing to s t ab i l i z e  the j o int s 
t hrou ghout the toe o f f  p hase whe n t he cyc le be gins aga in 
( B asmaj i an 1 9 7 2 ) .  
The mo s t  impor t ant c a l f  mus c le s  inc lude the s o leus , 
p o s t e r ior t i b i a l i s , f lex or d i git orum longus , and t he p op l i ­
t e us to s ome extent be cause i t  doe s  not insert o n  t he d i s t a l  
e nd of t he l owe r le g .  The s o le u s mu s c le lies underneath 
t he ga s t r ocnemius and has its or i g in on the prox ima l f i bular 
he ad and the lateral border of t he t ib ia . I t  ext ends down 
t he bac k of t he le g ,  bec ome s par t  of the Ac hi l l e s  tendon , 
which ins erts  on t he calc ane us , ena b l i n g  it  to a id with 
p l an t ar f l exion of the foo t ( R oma ne s 1 9 8 1 ) .  
The p o s t e r ior t ib ia l is mu s c le is on t he bac k  of t he 
le g .  I t  or i g i nates on t he upper pos ter ior s ur f ace o f  t he 
t ib i a  and fibula . As it exte nds down t he le g ,  its  t e ndon 
diago na l ly cros s e s  t he t ibia , goe s behind and under t he 
me d i a l  ma l leo lus , and ins erts on the arch o f  t he foot . This 
mus c le · inverts  the foot and as s is t s in p l a n t ar f l e x ion 
( R omanes 1 9 8 1 ) . 
The f lexor d i g i t or um longus mus c le or igin ates on t he 
me dial pos ter ior s ur f ace of t he t i b ia about one - f our t h  t he 
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way down from the knee . I t  extends vertically down the in-
side of the lower leg and inserts .by way of four tendons 
on the distal phalanges of the four outer toes. I t  plantar 
flexes the .foot, inverts the foot and flexes the toes 
(Romanes 1981). 
Finally, the popliteus muscle has its origin on the 
lateral surface of the lateral femoral condyle. This muscle 
ex tends diagonally downward across the posterior and upper 
part of the lower leg and inserts on the medial posterior 
surface of the. tibia. It flexes and medially rotates the 
lower leg ( Romanes 1981). To reemphasizE?, all of these 
muscles have at tachments on the proximal half of the tibia. 
No muscles attach to the distal half of the tibia. 
With this additional information, a better understand­
ing can be had of how sex differences occur in the tibial 
shaft due to muscular differences in the male and female 
. Ar ikara. Muscular strength differences can be due to sev-
eral causes in the Arikara. Having significantly larger 
TMLs, the male would be taller and have a greater body 
weight. This greater body weight would contribute to the 
greater bending moments . of the tibia, enhancing bone re­
modeling to counteract these force·s. Also, counteracting 
the greater bending moments requires stronger muscles. 
These stronger male muscles would stimulate bone growth in­
creasing the areas of attachment around the proximal tibia. 
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The different phys ical act ivit ies of the Arikar a male s 
and females implies that the phys ical activities of the 
males required stronger lower leg muscles.  The male activi­
ties, hunting and providing protection, probably required 
a lot of running, j umping, and squatting, especially pr ior 
to the introduction of the horse. These phys ical activities 
have shown to dramatically increase anterior-posterior bend­
i�g  forces in the tibia (Lanyon et al. 1975 ; Carter 1978 ) . 
Furthermore, tors ional forces in the tibia actually decrease 
with running (Lanyon et al. 1975 ; Carter 1978 ) .  This is 
a direct res ult of greater us e of certain lower leg muscles 
that adduct and invert the foot. 
I f  the Arikara males habitually carried out the se  
activities from childhood until death, one would expect the 
tibia to remodel and be better adapted for anterior-poster­
ior bending forces. These phys ical activities would als o 
be expected to be the source of the male means for TTA being 
smaller than the female means for TTA and according to 
numerous investigators, TTA res ults from the action of ex­
ternal developmental forces such as weight-bearing and knee 
pos ition (Le Damany 19 0 9 ; Dupuis 1951 ; Hutter and Scott 19 4 9 ; 
Elftman 1945 ; Thelander and Fitzhugh 19 4 2 ;  Fitzhugh 19 41 ; 
Appleton 1934 ; Doyle 19 4 5 ;  Khermosh et al. 1971 ; K ite 1954, 
1 960 ; Knight 1954 ; Straus 1926 ) . 
All this is - not to imply that certain female phys ical 
activities did not require a great deal of energy from 
mus c u l ar deve lopment . The wome n 11 • 
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. owned , c o n t r o l led , 
and worke d t he lands " ( Hol der 1 9 7 0 : 5 8 ) , ce r t a i n ly no e a s y  
t a s k . The wome n ' s  t as ks we re probably j u s t  as  phys i c a l l y 
deman d i n g  as · t he me n ' s ,  ye t t he mec han ical f orce s cre ated 
by dif f e r i n g  tas ks we r e  pr obab ly part icul ar to each sex . 
F i n a l ly , i n  t he t hree Ar ikara t ib iae s amp le s , t he male 
me ans f or t he t hree d imens ions of t he dis t a l art i c u l ar s ur ­
f a ce and t he t hree dime n s ions o f  t he prox ima l art i cular s ur ­
f a ce are always s ubs t ant i a l ly l ar ger t han t he corre spond i n g  
fe ma le me ans . L j unggren ( 1 9 7 9 : 2 3 2 ) has obs erved t hat 
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• t he s i z e  and s hape of t he j o int s to a gre a t e r  ext e n t 
are de term i ne d  by i n he r i t ance t han is t he s h a f t " .  She fee l s  
t he extern a l  f orces a f f e c t  t he n o n - art icular p ar t s  of t he 
bone f ar more t han the ar t i c ul ar s ur f  aces unle s s  s ome ab ­
norma l or p at hological cond it ions occur and alter t he s tr e s s  
traj e c t or i e s . H owe ve r , according t o  other res e arche r s , 
grav i t a t ional f orces  which r un j us t  me dial t o  t he int ercon ­
dylo id eminence may i n f lue n c e  t he s iz e  and s hape · of the 
j o int cont act are a s  ( Ke t t e lkamp and J acobs 1 9 7 2 ; Ke t t e lkamp 
and C hao 1 9 7 2 ) .  
I n  ge ner a l , be ca us e ma l e s  are larger t han fema l e s  and 
the fema le pe lv i s  is wider t han t he male pe lv i s , d i f ferent 
an gle s be tween t he l o n g i t udinal ax i s  of t he t ib i a  and t he 
we i ght -be ar ing l i ne o f  t he lowe r extremi t y  a s s o c iated with 
d i f ferent we i ght s mi ght e as i ly le nd it s e l f  t o  in f l uenc i n g  
the s i z e  a n d  s hape o f  the t ib i a l  ar t i cular s ur f ace s . Whe t he r  
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the expression of functional and/or genetic factors on the 
tibial articular surfaces support the basis of sexual dimor­
phism in these parts of the Arikara tibia is not clear. 
Therefore, the genetic (sex differences in pelvic mor­
phology ) and environmental influences (sex specific roles ) 
may have played a part in creating the sex differences in 
the size and shape of the tibiae observed in the three 
Arikara samples. The results here imply that the same level 
of sexual dimorphism in the tibiae of these three samples 
is also characteristic of other archaeological samples. 
(L j unggren 1975 , 1976 ,  1979, 1980;  Ruff and Jones 1981 ;  Ruff 
and Hayes 1 983b ) .  
Intergroup Variation--Site and Sex 
Several analytical me thods were employed to test for 
intergroup variation and changes in the Arikara se xual di­
morphism. These methods included two MANOVAs and multiple 
linear re gression analyses. The Arikara represent an ideal 
situation for studying site , sex, and interaction differ­
ences because the three sites used were located within the 
same geographical area (Mobridge, South Dakota) and repre­
sented a single population through time ( A. D .  1 6 00- 1832). 
The null hypotheses for the site test and sex test state : 
1. There are no site differences between the three 
Arikara samples. 
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2 .  There are no site differences associated with pro ­
nounced sex differences. 
A MANOVA was calculated using the raw data as depen­
dent variables, and site , sex, and interact ion effects as 
the independent variables. Another MANOVA was calculated 
using princ ipal component scores as dependent variables, 
· and site , sex, and interaction effects as the independent 
variables . Overall mult ivariate statistics for the two 
MANOVAs discussed were ident ical .  Using the second MANOVA 
the a�� hor tested for site differences in  tibial morphology . 
F inally, mult iple linear regression analyses were conducted 
to  control for age among the three sites and validate the 
results of the two MANOVAs. 
The results of both MANOVAs imply ihat there is much 
site heterogeneity in the tibia. This is contrary to the 
results Z obeck ( 1983 ) obta ins for the Arikara tibia and 
other postcran ial elements using the same analyt ical methods. 
In the first MANOVA, which uses the raw data, APN, MLN, CNF, 
CMS, CMH, and DMC show overall sign ificant  variat ion among 
the sites. The first five variables are dimensions of the 
shaft, while the last one is a dimension of the articular 
surface. In the second MANOVA, which uses the princ ipal 
component scores, principal components 1, 2, 9, 10, 12, and 
14 contribute significantly to the overall significant vari­
ation among the sites. All of the six significant variables 
of the first MANOVA have high loadings in the sign ificant 
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principal components of the second MANOVA. Here, the re­
sults of the second MANQVA will be discussed in greater 
detail. 
Recall that principal component 1 specifies the gen­
eral robusticity of the tibia, principal component 3 speci ­
fies a positive relationship with MDA, LDA, and ITN , and 
principal component 9 specifies the shape of the distal 
articular surface (MDA, LDA, and BDA) . Principal component 
12 indicates a positive relationship between CMH and TML. 
The highest loadings for principal component 10 and 14 are 
DMC and CNF, respectively. 
Plotting the median dates for each site on the six 
sign ificant principal mean component scores for each site 
(see Table 19) reveals no temporal patterns (see Figure 1 �  
through 18) . However, the same pattern appears for the 
plots of component mean scores 1, 10, and 12 while j ust the 
opposite 
and 14. 
patterns appear for component mean scores 2, 9, 
For the plots of component mean scores 1, 10, and 
12, Larson displays sm�ller mean scores than Mobridge, and 
Leavenworth displays intermediate or larger mean scores than 
Mobridge. For the plots of component mean scores 2, 9, and 
14, Larson displays larger mean scores than Mobridge, and 
Leavenworth displays intermediate or smaller mean scores 
than Mobridge. 
A look at the probability values for the null hypothe­
sis that the least-squares means of one group equals the 
Table 19 . Significant Component Mean Scores for Site. 
Significant Component Site Mean Score 
1 39WW1 . 7 14 6 
39WW2 -. 47 1 6 
39C09 . 12 10 
2 39WW1 -. 46 47 
39WW2 . 139 2 
39C09 -. 057 6 · 
9 39WW1 -. 01 6 1  
39WW2 . 046 7 
39C09 -. 06 84  
10  39WW1 . 2 7 6 6  
39WW2 -. 09 45 
39C09 . 0541 
12 39WW1 . 1638 
39WW2 -. 0 8 85 
39C09 . 1933 
14 39WW1 -. 069 2 
39WW2 . 029 2 
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least- s quares means of another group ( see Table 17 ) indi­
cates the significant differences between · Larson and 
Mobridge for six variables, APN, MLN, CNF , CMS , CMH, and 
DMC . Significant variation occurs between Larson and 
Leavenworth for only variable, MLN . No variables are sig­
nificantly different between Mobr idge and Leavenworth . 
Numerous researchers have demonstrated Ar ikara group 
relationships through several studies of craniometry ( Bass 
1964 ; Jantz 1972, 1973, 1974 , 1977 ; Jantz et al . 1978 ; Key 
1982 ; Key and Jantz 1981 ; Owsley and Jantz 197 8 ) . There-
fore, it is not surprising that the MANOVAs identify inter­
group tibial variation . The results of these analyses imply 
that the possibility exists that microevolutionary change 
i s  occurring in the tibia, although this change is : 10t un-
directional here. These results may indicate that changes 
occur in the tibia from gene flow between the Ar ikara and 
the Pawnee , Mandan, and Sioux, like that demonstrated for 
the Arikara crania ( Jantz 1973 ; Key and Jantz 1981 ) and be­
tween the Europeans as recorded by early travelers ( Hodge 
1907-1 0 ; Thwaites 1904 -05 ; Tabeau 1939). 
I n  addition, the possibility exists that even though 
physical activities of the Arikara males and females remain­
ed much the same through the time represented by the samples 
employed, the degree of muscular development might have 
changed, resulting in different mechanical forces on the 
bone . Several researchers demonstrate how different types 
12 0 
of footwear may cause shifts in mechanical forces (Ljunggren 
1978; Ruf f and Hayes 1983b) ; however, the Arikara footwear 
was the moccasin until circa A. D. 1850 ( Powers 196 9: 14 3) .  
Since several studies have demons trated pos tcranial 
homogeneity among broad ethnic populations including the 
Arikara (Zobeck 1983; Lavelle 1974 ; Huber and Jowett 1973; 
Farally and Moore 1975), it is unexpected that the Arikara 
ti biae are more heterogeneous than previously thought, 
implying that · the Arikara tibia underwent significant mor -
phological change . This all indicates that even if the 
Arikara were continuing with their same physical activities ,  
the level of mus cular involvement was changing. For example, 
during the Pos t Contact Coalescent, repres ented by the 
Larson site, the women probably worked harder in the fields 
because archaeological evidence points toward an increas e 
in agricultural productivity (Lehmer and Jones 196 8:88). 
Als o dur ing the Post Contact Coales cent, the hors e 
was introduced into the Northern Plains. Us e of the horse 
by the Arikara males increas ed the range for trading and 
hunting. All these tas ks the Arikara males event�ally car­
ried out on horseback which they had previously performed 
on foot. This only implies that the Arikara males' level 
of physical activity decreased through time while the fe­
males ' level of physical activity increased through time . 
However, at first the horse was us ed by the Arikara only 
12 1 
for trading and to transport  village ha·rdware with the 
travois ( Holder 1970) .  
I t  is pos s ible that the larger variable set used here 
may be the reas on of this inquiry ' s  ability to detect pro­
nounced heterogeneit y. Unlike Zobeck ' s,  thi s variable set 
included several dimens ions of the proximal and dis tal 
art icular surfaces of the tib ia, and recently Howell et al . 
( 19 7 8 : 12 8) recognized that biometr icians had not concen­
trated on j oint s and their functions . As previously men­
t ioned, L j unggren ( 19 7 8) has observed that the size and 
s hape of articular surf aces of long bones are les s  in­
fluenced by genetics . Perhaps in the future additional 
Arikara pos tcranial analyses will include measurement s taken 
from the articular surfaces of the three bones that art icu­
late with the tibia . 
Fourteen multiple linear regres sion analyses were con­
ducted to determine if the s ignificant · MANOVA results were 
influenced by the unequal age representation at the three 
s ites ( see Table 16). The results indicate that s ix vari­
ables, APN, MLN, CNF, CMS, CMH, and DMC, display significant 
site differences . These are the same variables that con-
tribute to the overall significant site differences of the 
two MANOVAs except LOA and MDA of pr incipal component 2 and 
9 of the second MANOVA are not accounted for. Obviously, 
the unequal age representation of the three samples is not 
the reason behind the significant differences among them . 
ences . 
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Finally , this inquiry finds significant site dif fer ­
This heterogeneity probably results from a combina-
tion of functional and genetic factors within the dif ferent 
parts of the tibiae . Each sample was chosen because it rep­
resented a dif ferent variant of the Coalescent Tradition . 
Perhaps each sample epitomized the tibial morphology durin g 
that particular variant .  A larger variable set including 
variables from the ·articular sur faces was also partly re­
sponsible for producin g significant site dif ferences . Other 
analy·s·es need to be conducted using other Plains I ndian 
populations and lar ger tibial variable sets to assist with 
the understanding of these results . 
Another maj or concern was to see if sexual dimorphism 
dif ferences existed amon g the three Arikara s:1mples , and 
if so , did any discernible pat terns appear . This was also 
accomplished using the two MANOVAs , specifically their re­
s ults . for the interaction ef fect of site and sex .  One 
should recall that the results here may not be reliable b� ­
cause the two components of Mobridge . were not treated as 
separate groups even though they existed at dif ferent times . 
Results of the two MANOVAs reveal significant overall 
dif ferences for the interaction ef fect ( see Table 14 ) ,  thus 
allowing rej ection of the null hypothesis . I n  the first 
MANOVA which used the raw data , two variables , TML and MDA , 
contribute to the overall significant interaction ef fect . 
1 2 3 
I n  t he s e cond MANOVA which used t he comp on e n t  s c or e s , t hree 
compone n t s , 4 ,  9 ,  and 12 , cont r i but e t o  t he overal l s i gn i f i ­
cant interact ion e f fect . T he s c ore s o f  comp on e n t  1 2  are 
t he o n ly ones whi ch disp lay s i gn i f i cant s i te , s ex , and in ter ­
a c t ion d i f f erence s . The highe s t  lo ad i n gs f or c omp onent 4 
are L DA a nd TTA . The h i ghe s t  loadin gs f or component 9 are 
L DA ,  B DA ,  and MDA . The h i ghe s t · load ing s _ on · c ompo ne nt 1 2  
are CMH and TML . Obv ious ly , t he s e cond MANOVA expre s s e s  
more f u l ly how t he s i gn i f i can t var iables o f  t he f ir s t  MANOVA , 
TML and MDA_, c ontr ibut e t o  t he ove r al l s i g n i f ican t inter-
ac t i on r e s u l t s . Furt hermore , t he s e co n d  MANOVA extrac t s  
o t her s i gn i f icant var i ab les t ha t  the f ir s t  MANOVA does not . 
P lo t t in g  t he med ian s i te da t e s  on t he t hree s i gn i f i ­
cant component me an s c ores f or s i t e  by s ex ( s ee Table 2 0 ) 
reve aled one t emporal p a t t e rn ( s ee F i gur e s  1 9 - 2 1 ) . The com­
pone n t  4 me an s c ores for t he f ema les decre as e t hrough t ime 
( see F i gure 19 ) .  This imp l ie s tha t  TTA i s  decr eas ing ( t he 
t oe s  t urned toward t he mid s a g g i t t a l  p l ane ) as we l l  as L DA 
a n d  MDA . Per hap s t hi s  t emporal p a t tern i s  as s o c i a t e d  w i t h  
t he temp or a l  pat t erns Pus kar i c h  ( 19 8 4 ) ide n t i f ie d  on t he 
innominate and art i culated p e �v i s . Ac c or d i n g  t o  s ever a l  
re s e arc her s , var ious d ime n s ions o f  t he pe lvis " . p lay 
impor t a n t  ro le s  in t he dis tr i but i o n  of body we i ght to t he 
lowe r ext remit ies  ( B ur r e t  a l . 19 7 7 ; Love j oy et al . 1 9 7 3 ; 
McHenry � 9 7 5 ; S t ue de l  1 9 8 1 ;  Z i hlma n  and Hun t e r  19 7 2 ) ,  and 
Table 20. Significant Component Mean Scores 
for Site by Sex. 
Significant Components Site Sex Mean Scores 
4 - 39WW1 Male - . 2952 
39WW1 Female . 5876 
39WW2 Male -. 1518 
39WW2 Female . 1394 
39C09 Male -. 2050 
39C09 Female -. 5640 
9 39WW1 Male -. 3673 
39WW1 Female . 3351 
39WW2 Male . 0631 
39WW2 Female -. 0302 
39C09 Male -. 12 26 
39C09 Female - . 0142 
12 39WW1 Male . 2002 
39WW1 Female . 12 73 
39WW2 Male . 1385 
39WW2 Female -. 3155 
39C09 Male . 2 734 
39C09 Female . 1132 
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can vary in accordance with the flare of the iliac blades 
(Stander 194 5) "  (Puskarich 1984 : 113). 
I n  her analysis of the Arikara articulated pelvis, 
Puskarich identified four factors that contributed signifi­
cantly to the overall amount of explained variance. The 
transverse capacity of the midpelvis and the prominence of 
the ischial spines decreased through time, while the antero­
posterior capacity of the midpelvis and the shape of the 
pelvic outlet increased through time ( Puskarich 1984 ). In  
t:1e innominate, she identified a n  increase through time i n  
the anteromedial curvature of the pubis and a decrease 
through time in the upper iliac height, ( Puskarich 1984). 
I n  other words, when earlier Arikara groups are compared to 
later groups, the earlier groups exhibited narrower but 
longer midpelves, narrower pelvic outlets, less pronounced 
is chial spines, narrower pelvic inlets in at least its an­
terior portion, and greater upper iliac heights ( Puskarich 
1984 ) .· Recall that Ruff and Hayes ( 1984 b) felt that the 
size of the pelvic inlet contributed most to the sexual di-
morphic traits of the tibia. With all these changes - com-
bined, Puskarich ( 1984 : 121) concluded that " these 
changes appear to indicate that in overall dimensions , the 
pelves from earlier Arikara sites are smaller than those 
from the later groups " .  
Given the above results, one should expect that 
various dimensions of the Arikara pelvis might have directly 
129 
influenced changes in TTA , L OA ,  and MDA. Further analyses 
using a combined Arikara pelv.ic and tibial data set might 
reveal which temporal changes in the pelvis are correlated 
with the temporal change identified in the tibia. The possi­
bility also exists that there is no correlation between the 
temporal changes in these postcranial elements. 
The temporal change identified here corresponds with 
temporal changes in the Arikara crania as well ( Jantz 1972 ; 
Key and Jantz 1981) , but it does not correspond with other 
Arikara postcraniometric results ( Z obeck 1983) . Zobeck 
( 198 3 ) uncovered no obvious temporal changes in the post­
cranial elements he used. 
Key and Jantz ( 1981 ) have partic.lly attributed the 
microevolutionary changes in the Ar ikara cranium t o  gene 
flow with the Sioux , Mandan , and Paw�ee. Perhaps this gene 
flow influenced the tibial torsion angle as well as the 
change in the size of the distal articular surface. Blumel 
et al. ( 1957) reported on eight cases of _hereditary bilat­
eral medial tibial torsion in four generations. They 
believe tibial torsion follows Mendelian inheritance. Being 
a hereditable trait , it may vary in time and degree of ex­
press ion or fail to be expressed due to overwhelming exter­
nal forces ( Blumel et al. 1957) . Unfortunately , the effect 
of gene flow on the Arikara tibia cannot be determined be­
cause comparable data from the Mandan , Sioux , and Pawnee 
do not exist. 
1 3 0 
Z o be ck ( 1 9 8 3 ) attr ibuted his res ul t s  to the r a c i a l l y 
homo ge neous nat ur e  of the p o s t cran i um . I f  t h i s  were true , 
t hen perhaps d i f ferent e nvironme n t a l  f ac t ors inf luenced the 
obs erve d c hange s  which t ake p lace i n  TTA , LOA , and MDA . 
What ever the c a s e  may be , i t  c annot be dete rmi ned he re 
whe t he r  ge ne t ic d i f f erenc e s , e nvironment a l  d i f ference s , or 
bo t h  are re spons ible f or t he obs erve d microevolut ionary 
change expre s s ed by the f our th c omponent ' s  me an s c ores f or 
t he fema l e s . 
One f in a l  plot  of t he gr oup me ans o n  canon i c a l  var i ­
ab le 2 ( Y - ax is ) p l o t t e d  aga i n s t  t he gr oup me ans on ca no n i c a l  
var i ab le 1 ( X - ax is ) ( s ee Table 1 0 ) gr ap h ic a l ly d i s p l ays how 
pron ounce d s e xual d imorp his m is in t he t hree Ar i kar a s it e s  
( s ee F i gure 2 2 ) .  This p l o t  o f  t he f ir s t  two can o n i c a l  gro up 
me ans , t he ones whic h s how t he gre at e s t  var i ab i l ity amo n g  
t he s i t e s  by s e x , demo n s t r a t e s  how muc h  t he fema les d i f f e r  
from t he male s , and i t  demon s tr a t e s  t ha t  the var i ab i l it y  
i s  muc h  gr eater i n  t he fema le s t han i n  t he ma les . The 
Maha l anobis  di s t ances t ha t  c orrespond w i t h  t he dif f e renc e s  
be twe e n  t he female gr oup s  are f ound in Table 1 1 , a n d  t he 
Mahalanobis d i s t ances t hat corre s pond w i t h  t he d i f f erenc e s  
be twe e n  t he male group s  a r e  foun d  i n  Table 12 . T ab le 1 3  
provides t he Maha l anobis d i s t ance s be twe e n  t he s ex e s  a t  e a c h  
s it e . 
The gre ater var i ab i l ity i n  t he f ema le s t han t he male s 
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changes occur because of environmental stresses. 
1 3 2 
I f  this 
were the case, the variability would be greater in the males 
than the females because males are less well , canaliz ed. 
Furthermore, the changes in sexual dimorphism differ from 
that expected fro� the Arikara culture-history . Consequent­
ly, Figure 2 2  supports genetic causes for the observed 
differences . This will be discussed further in this section. 
This plot ( Figure 2 2 ) and the Mahalanobis distances 
( Table 1 3 ) indicate that sexual dimorphism is least pro­
nounced in the Larson sample and most pronounced in the 
Leavenworth sample while the Mobridge sample is intermediate. 
The Larson sample is more homogeneous than the other two, 
a· 1d the Leavenworth sample is more heterogeneous than the 
o�her two . These distances may be different because of gene 
flow, more uniform ways of life, and /or periodically in-
sufficient nutrition in both sexes due to changing food 
supplies . Furthermore, the more pronounced sex differences 
in the small sample size of Leavenworth ( 16 male tibiae and 
7 female tibiae) may limit the accuracy of this analysis 
( Hamilton 19 8 2 ) ,  even though the logic of the statistical 
analyses used here takes this into consideration ( Z obeck 
1 9 8 3 ) .  
Relatively speaking, during the Coalescent Tradition, 
the three Arikara samples were exposed to differing amounts 
of epidemic diseases and poor nutrition ( Jantz and Owsley 
19 8 4 a ) : 
Extende d  Coale s cent group s  probably exper ienced 
per iods . of undernutr i t ion  due to  unf avorable cli­
mat ic condit ions prevailing at  the t ime . Pos t con­
t act  Coales cent group s  exper ie nced more f avorable 
he alth and nutr it ion due t o  impr oved climatic condi­
t ions and introduct ion of  the hor s e . Disorgan ized  
Coale s cent  groups were expos ed to  undernutr it ion 
and hi gh levels or morbidity , due t o  introd·uct ion 
of ep idemic diseas e s , depop ulat ion , and intertribal 
conflic t ( J ant z  and Owsley 19 8 4 a : 13 ) . 
13 3 
Naturally , one would then  expect  to  see more pronounced 
sexual dimorphism in the Post Contact  Ar ikara . However , 
t his  is not found here . The de gree of sexual dimorphism 
is  greater in t he Mobr idge s ample contras ted with t he L ar s on 
s ample , but t he greates t de gree of  sex ual dimorphism is dis -
played by t he Leave nwort h  s ample . Theore t ically , the 
Leavenwort h  s ample s hould display the leas t sexual dimor ­
phism be cause t his  late s ample was exposed to  the mos t ad­
vers e condit ions . 
When a group is living in a bene f ic i al environment , 
then  t he over all s iz e s  of  the males and f emales will cor ­
re spond more clos ely with t he ir genet ic potent ial , and the 
male bodies wi ll  be lar ger . However , if t he degree and 
number of  environmental age n t s  come into exis tence and in­
creas e , t he females with  t he smaller body s i ze s uf fers les s  
t han t he males whos e lar ger body s iz e  s uf f ers more . Thi s  
i s  a direct  re s ult o f  the larger male body re qu ir ing more 
energy t o  s u s t ain itself and grow than the smaller female 
body . The overall s i ze  o f  the males de creases  whi le the 
overall s iz e  o f  t he females remains relat ively unchanged . 
13 4 
The res ults here suggest that the Mobridge . sample 
lived under better conditions and the Larson sample lived 
under worse conditions. This is reflected by the greater 
degree of sexual dimorphism in the Mobridge sample than the 
Larson sample (see Table 8). Unexpectedly, the -Leavenworth 
sample displays the. greatest sexual dimorphism during the 
time of poorest environment. This pattern is confusing 
because the Leavenworth sample should display the least 
degree of sexual dimorphism. According to other researchers, 
the degree of sexual dimorphism in the Leavenworth sample 
may be due to other agents (Eveleth 197 5 ; Stini 197 5 ;  Gray 
and Wolfe 1980; Hall 1982). H owever, another explanation 
has been offered by Z obeck ( 1983) to explain the higher 
dr- gree of sexual dimorphism in the Leavenworth sample . 
Using sexual dimorphism values calculated for �aximum 
femur lengths, Z obeck calculated values different from those 
Willey calculated (1982). An examination of Willey ' s  values 
show a constant decrease from Mobridge to Larson to 
Leavenworth while Z obeck ' s values show a decrease from 
Mobridge to Larson and an increase from Larson to 
Leavenworth. Z obeck ' s  values are consistent with the ob-
served sizes of Mahalanobis distances in the three Arikara 
samples of this inquiry. The sex ual dimorphism samples of 
this inquiry are calculated here to explore the changes that 
take place and _ see if they agree with Z obeck ' s  results. 
The following formula is used: 
ma le x - fema le x 
S exua l  D imorphism = ma le x + female x X 1 0 0  
2 
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Table 2 1  prov i de s t he s exual d imorphism value s in temp or a l  
order . 
As prev ious ly me n t ioned , t he s exual d imorphism va lue 
f or max imum t ib i al le ngths of Le ave nwor t h  a l s o  incre a s e d  
af ter t he L ar s o n sexual d imorp hism va lue de cre a s ed . This 
i s  not e xpec t e d  be c ause environme n t a l  s t re s s  cont in ue d to 
p l ague · t he Ar i kara into hi s t or ic t ime s ( B as s et al . 1 9 7 1 ;  
L e hme r 1 9 7 1 ;  Smi t h  1 9 7 2 ) .  
Z obe c k  obs erved t hat t he femur le ngth me a n s  f or ma le s 
and fema le s  incre a s ed from L ar s o n  t o  L e ave nwort h  with t he 
b i gge s t  incr e a s e  be i n g  i n  t he ma les . Th i s  wou ld c o n �r i b � �e 
t o  t he gre at e r  s e xual dimorphism value f o r  max imum femur 
le n gt hs i n  t he Le ave nwor t h  s amp le . The s e s ame t re nds are 
obs e rve d in Tab l e  2 1 .  T ib i a  le n g t h  mea n s  f or ma le s and fe ­
ma les increase from L ar s o n t o  Leave nwor t h  w i t h  t he large r  
incre a s e  b e i n g  i n  t he male s . L ikewi s e , :t his c on t r ibut e s  
t o  t he gr e a ter s exua l dimorp hism in t he Le ave nwo r t h  s amp le . 
Z o be ck ' s  exp lanat ion for t he obse rve d d i f f e r e nc e s  amon g  his 
femor a l  s exual d imorphism va lue s c an be app l ie d  to t he 
va lue s he re a s  we l l  as t he Maha l anob i s  d i s t an c e s  be twe e n  
t he s exe s a t  each s ite : 
This i s  t he c l a s s i c pattern obse rve d by s upporters 
of  t he environme n t a l  approach , o f  a le s s  s tre s s_e d  
populat ion ; i t  s ug ge s t s  t hat t he Le avenwort h Ar ikara 
Table 2 1 . Median Dat e s , Tib ia Sample S i z e ( N ), Mean s , St andard Deviat ions  ( S . D . ) , 
and Sexual Dimorphism Value s . 
Male Female 
S ample Median Date N Mea n  S . D . N Mean S . D . Sexual D imorph ism Value 
Mobr idge 1650 2 6  3 8 3 . 2  16 . 3  2 7  3 4 1 .  5 9 . 5  2 . 8 3 
L arson  17 0 6  7 8  3 7 6 . 6 18 . 1  7 8  349 . 3  2 0 . 7  1 .  9 3  
Leavenwort h  1817 16 3 8 5 . 6  2 2 . 6  7 3 49 . 6  9 . 8  2 . 4 5  
� 
w °' 
were exper ienc ing less stress than t heir ancestors . 
I n  relat ive terms this may be true . The Ar ikara 
l iving at Leavenwort h  were the survivors or descen­
dants of survivors of several devastat ing ep idemics . 
They would t herefore be well adapted to an environ­
ment that while not lacking in stress , may have been 
relat ively less stressed t han earlier ones ( Zobeck 
19 83 : 106 - 107 ) . 
13 7 
I n  conc lusion , t he results of t his analysis do not 
allow for a more dec isive dec ision to be made concerning 
which agents ,  genet ic , environmental , and/ or human be­
havioral ,  contribute the most to the dif fer ing degrees of 
sexual dimorphism in these three Ar ikara samples . The re-
sults of the two MANOVAs ind icate t hat there are signif icant 
differences in sexual dimorphism . These results are sub-
s-::ant iated by  the group means on t he first two can �,n.:. cal 
var iables , the Mahalanobis distances for site by sex , and 
t he sexual dimorphism values for maximum t ib ial le:1gth . 
The values of t he last two resul�s also indicate a decrease , 
then an increase in sexual dimorphism through t ime . Based 
on t hese results and t he fact t hat t he Ar i kara exper ienced 
increasing environmental stresses thr ough t ime , an environ­
mental hypothesis is not supported more t han a genet ic one . 
Furt hermore , t he fact remains that t he var iab ility is 
greater in t he females t han in t he males . This pattern does 
not suppor t an environmental hypothesis because var iability 
would be expected · to be greater in t he males than the 
females . Hamilto� ( 19 82 ) has pointed out certain methodo-
log ical  problems that may ar ise  with s ke let al samp les when 
the is s ue is  sexual dimorphism d i f fernce s . 
138 
In  part icular , if age-related changes in bone mor ­
phology occur, the real dif ference in sexual dimorphism  for 
the skelet al samples used may be disguised . Although eight 
variables for the Larson ma les and females show s ignif icant 
age-related changes, tes t result s indicate that the dif fer­
ing age s tructures of  the three s amples do not cause · the 
di fferences . Age-related changes were not tes ted in the 
Mobridge and Leavenworth s amples because some age groups 
were not represented ( see table 4) . Perhaps the greater 
number of age-related changes in the Larson females than 
the males is the reason the variab ili ty is greater in the 
females than the males . Future analyses of adequate s amples 
from Mobr idge and Leavenworth t ibiae may support this con­
tent ion if age-related changes are not present . 
Summary 
Thi s inquiry was carr ied out to examine intragroup 
and intergroup var iat ion of Ar ikara t ib iae. The result s 
indicate that intragroup variat ion follows a uniform pat tern 
allowing the ident ificat ion of common elements  of t ibial 
morphology. The pat terns of intragroup var iat ion part ially 
support the result s Zobeck ( 19 83 )  obt ained. Furthermore , 
age-related changes in several variables ·occur, and this 
may be due to biomechanical s tres ses and s trains or os teo-
poros is . These age-related changes were not found to be 
respons ible for s ignificant intergroup var iat ion. No s ide 
1 3 9  
differences oc cur in any variab le of the Larson group . Sex 
differences occur in practically every variable of all  three 
groups , indicating that s i ze and s hape variab les of the 
tibia are good indicators of sex . 
The tibiae of the Arikara samples employed vary sig­
nificantly . In other words , the tibiae of the Arikara sam­
ples are more heterogeneous than homogeneous . This differ­
ence may be due to several genetic and environmental factors . 
Finally , the significant dif fering degrees of sexual 
dimorphism among the three Arikara samp le tibiae tend to 
indicate here that genetic agents inf luenced these di f fer­
ences . One temporal pattern is  identified for the female 
dif ferences , and this pattern may be as sociated with the 
temporal patterns identified by Pus karich ( 19 84 ) in the 
female Arikara pelvis . 
In the future , more conc lusive res ults might be ob­
tained emp loying a larger variable set that inc ludes cros s ­
se ctional geometric variables at dif ferent levels of the 
tibial shaft as well  as their corresponding anterior-pos ter­
ior and medial-lateral diameters .  This would help to sub­
stantiate the biomechanica l  explanations presented here . 
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APPENDIX  A 
Table A- 1 .  De script ive S t at is t ic s  for all  S it e s  
and Sexe s Comb ined 
16 8 
S t andard Min imum Maximum 
Var iable N Mean Deviat ion Var iance Value Value 
TML 2 3 2  3 6 3 . 8 9 2 4 . 3 4 5 9 2 . 8 7 3 0 1 .  0 0  4 2 2 . 0 0 
APN 2 3 2  5 3 . 0 9 3 . 9 2 15 . 4 2 2 7 . 0 0 44 . 00 
MLN 2 3 2  2 2 . 5 0 2 . 11 4 . 4 5  17 . 0 0 2 8 . 0 0 
ITN 2 3 2  116 . 2 3 10 . 5 8 112 . 0 0 8 7 . 0 0 14 1 .  00 
CNF 2 3 2  91 . 91  8 . 4 7 7 1 . 8 1  7 3 . 0 0 110 . 0 0 
CMS 2 3 2  8 3 . 18 7 . 8 9 62 . 4 0 66 . 0 0 99 . 00 
CMH 2 3 2  7 7 . 5 0 6 . 5 9 4 3 . 5 0 6 3 . 0 0 95 . 0 0 
MOA 2 3 2  2 4 . 5 3 2 . 0 0 4 . 0 0 19 . 0 0 3 1 .  0 0  
LOA 2 3 2  2 9 . 5 5 2 . 5 6 6 . 5 8 2 4 . 0 0 36 . 0 0 
BOA 2 3 2  4 0 . 2 0 3 . 3 9 11 . 5 0  31 . 0 0 4 9 . 0 0 
DMC 2 3 2  4 8 . 0 0 3 . 7 7 14 . 2 7 3 8 . 0 0 5 8 . 0 0 
OLC 2 3 2  4 0 . 2 4 3 . 02  9 . 14 34 . 0 0 50 . 0 0 
BPA 2 3 2  7 3 . 2 0 5 . 5 3 3 0 . 5 8 62 . 0 0 83 . 0 0 
TTA 2 3 2  2 1 .  3 7  8 . 15 6 6 . 4 3 -4 . 0 0 4 1 . 0 0  
16 9 
Table A- 2 . De script ive St at is t ics  for a ll Male s . 
S tandard Minimum Maximum 
Var iab le N Mean Deviat ion Var iance Value Value 
TML 12 0 3 7 9 . 2 6 18 . 5 9 ' 3 4 5 . 60 3 4 0 . 0 0 4 2 2 . 0 0 
APN 12 0 3 8 . 18 2 . 3 7 5 . 6 6 3 1 . 0 0 4 4 . 0 0 
MLN 12 0 2 3 . 5 1 1 . 7 7 3 . 14 19 . 0 0 28 . 0 0 
!TN 12 0 12 0 . 9 7 8 . 9 7 80 . 6 2 9 6 . 0 0 14 1 .  0 0  
CNF 12 0 9 8 . 2 1 5 . 2 8 2 7 . 9 6 8 4 . 0 0 110 . 0 0 
CMS 12 0 8 9 . 3 5 4 . 5 2 2 0 . 4 8 7 8 . 0 0 99 . 0 0 
CMH 12 0 8 1 .  9 6  4 . 4 6  19 . 94 7 0 . 0 0 95 . 0 0 
MDA 12 0 2 5 . 50 1 .  7 3  3 . 0 0 2 1 .  0 0  3 1 .  00 
LOA 12 0 3 1 . 17 2 . 0 1 4 . 0 7 2 4 . 0 0 3 6 . 0 0 
BOA 12 0 4 2 . 5 5 2 . 4 6  6 . 0 6 34 . 0 0 4 9 . 0 0 
DMC 12 0 50 . 7 0 2 . 6 7 7 . 16 6  4 4 . 0 0 58 . 0 0 
DLC 12 0 4 2 . 3 0 2 . 2 4 5 . 0 1 3 6 . 0 0 50 . 0 0 
BPA 12 0 7 7 . 5 6 3 . 0 4 9 . 2 7 6 9 . 0 0 83 . 0 0 
TTA 12 0 19 . 5 6 7 . 8 6 6 1 . 92  - 4 . 0 0 4 1 . 0 0 
17 0 
Table A- 3 .  De scr ipt ive Stat i s t ic s _ l - _e s .  
St andard in imum Maximum 
riable N Mean Deviat ion Vari an e Value � 
TML 112 3 4 7 . 4 1  18 . 2 7 3 3 3 _ 9 - 3 0  
i\PN 1 12 3 1 .  7 7  2 . 14 4 . 60 2 "' 
.'-1LN 1 12 2 1 . 42 1 .  9 0  3 . 63 1 
ITN 112 111 . 16 9 . 8 1 9 6 . 3 8 8 ... . J 
CNF 112 85 . 16 5 . 52 3 0 . 51 105 . 0 0 
CMS 1 12 7 6 . 58 4 . 7 6 22 . 69 66 . 0 0  88 . 0 0 
CMH 112 72 . 7 1 4 . 9 4  2 4 . 4 7 63 . 0 0 9 0 . 0 0 
MDA 1 12 2 3 . 50 1 . 7 3 3 . 0 0 19. 00  2 8 . 0 0 
LDA 112 2 7 . 82 1 .  8 6  3 . 4 6  2 4 . 0 0 3 3 . 0 0 
BDA 1 12 3 7 . 68 2 . 25 5 . 09 3 1 .  0 0  4 3 . 0 0 
DMC 112 45 . 09 2 . 3 6 5 . 60 3 P  n n 52 . 0 0  
DLC 1 12 3 8 . 0 3 2 . 0 3 4 . 16 2 . 0 0  
BPA 1 12 68 . 53 3 . 39 1 1 . 15 6 ,  1 8. 0 0 
TTA 1 12 2 3 . 32 8 . 0 3 64 . 50 -2 . 0 39 . 0 0 
Variable N 




CNF 1 12 
CMS 112 
CMH . 112 
MDA 112 
LD� 112 
BOA 112  




Table A- 4 . De script ive S t at ist ,.j for 
all Left - S ided Tibiae . 
St andard Min imum 
Mean Deviat ion Var iance Value 
3 6 4 . 6 1 2 3 . 5 6 5 5 5 . 3 0 3 0 1 . 0 0 
3 4 . 8 7 3 . 8 5 14 . 8 6 2 7 . 0 0 
2 2 . 5 9 2 . 0 6 4 . 27 17 
116 . 3 3 10 . 11 10 2 . 2 4 9 
9 1 . 9 1 8 . 5 2 7 2 . 7 5 7 4 . 00 
82 . 9 1 7 . 6 4 5 8 . 4 1 6 6 . 0 0 
7 7 . 3 2 6 . 4 1  4 1 . 17 6 3 . 0 0 
2 4 . 5 8 1 . 9 7 3 . 8 8 2 0 . 0 0 
2 9 . 4 8 2 . 5 6 6 . 5 5 2 4 . 0 0 
4 0 . 3 4 3 . 4 0 11 . 5 9 3 1 . 0 0 
4 7 . 9 9 3 . 7 2 13 . 9 0 3 9 . 0 0  
4 0 . 0 8 3 . 0 4 9 . 2 8 3 5 . 
7 3 . 2 8 5 . 5 4 3 0 . 7 1 6 2 . 0 0 
2 0 . 6 5 7 . 2 3  52 . 3 5 3 . 0 0 




. o o 
110 . 0 0 
9 8 . 0 0 
9 5 . 00 
3 0 . 0 0 
3 6 . 0 0 
4 9 . 00 
5 8 . 00 
50 . 0 0 
8 3 . 0 0 











BDA 12 0 
DMC 120 
DLC 12 0 
BPA 120 
TTA 120 
Table A-5 . Descript ive Stat ist i for 
all Right - Sided Tibiae . 
Standard Minimum 
Mean Deviat ion Variance Value 
363 . 2 1  2 5. 13 631 . 95 303. 00 
35 . 29 3. 99  15. 98 27. 00 
22 . 42 2. 15 4 . 64 17. 00 
116 . 14 11. 04 122. 03 87 . 00 
9 1 . 90 8. 45 7 1 . 54 73 . 00 
83 . 44 8. 15 66 . 51 67 . 00 
77 . 66 6. 78 45. 98 64 . 00 
24 . 49 2 . 03 4. 15 19 . 00 
29. 62 2. 58 6. 65 24 . 00 
40 . 06 3. 38 11 . 47 32. 00 
48. 00 3 . 84 14. 74 38 . 00 
40 . 39 3 . 007 9 . 04 34 . 00 
73. 13  5. 54 30 . 72 63 . 00 





44 . 00 
28 . 00 
141 . 00 
109. 00 
99. 00 
94 . 00 
31. 00 
36 . 00 




















Table A-6 . Descriptive Stat ist ics for 
Mobridge Tibiae ( Both Sexes ) .  
Standard Minimum 
N Mean Deviation Variance Value 
53 36 1. 98 24. 82 6 16. 09 32 1. 00 
53 35. 73 3. 87 15. 04 29. 00 
53 23. 20 2. 07 4. 32 18. 00 
53 116. 24 11. 38 129. 6 1  9 7 . 00 
53 94. 18 8. 34 69. 69  78 . 00 
53 84 . 75 7 . 2 1  52 . 07 72. 00 
53 79. 09 6. 22 38. 70 6 6. 00 
53 24. 60 1. 7 6  3. 12 2 1 .  00 
53 29. 64 2. 46 6. 08 24. 00 
53 40. 45 3. 04 9. 25  35. 00 
53 48. 58 3. 7 6  14 . 17 42. 00 
53 40 . 24 2. 57 6. 6 5  35. 00 
53 73. 20 5. 23 27 . 35 65. 00 

































Table A- 7 . Descript ive S t at ist ics for 
L arson T ib iae ( Both Sexes ) .  
St andard Minimum 
N Mean Deviat ion Variance Value 
156 362 . 95 2 3 . 7 3  563 . 51 30 1 . 0 0 
156 34 . 67 3 . 8 8 15 . 09 2 7 . 0 0 
156 22 . 14 2 . 0 7 4 . 29 17 . 0 0 
156 1 15 . 55 10 . 22 104 . 60 8 7 . 0 0 
156 9 0 . 69 8 . 34 69 . 60 7 3 . 0 0  
156 82 . 33 8 . 10 65 . 64 66 . 0 0 
156 7 6 . 7 7  6 . 68 44 . 72 63 . 0 0 
156 24 . 50 2 . 0 6  4 . 25 19 . 0 0 
156 29 . 46 2 . 60 6 . 7 6  24 . 0 0 
156 40 . 0 1 3 . 49 12 . 2 3  31 . 0 0 
156 47 . 55 3 . 65 13 . 38 38 . 0 0 
156 40 . 02 3 . 13 9 . 8 3 34 . 0 0 
156 72 . 8 8 5 . 54 30 . 79 62 . 0 0 
156 2 0 . 66 8 . 15 66 . 44 -4 . 0 0 
1 7 4  
Maximum 
Value 
422 . C O 
44 . 0 0 
2 8 . 0 0 
140 ·. 0 0  
109 . 0 0 
99 . 0 0 
95 . 0 0 
31 . 00 
36 . 0 0 
49 . 0 0 
56 . 00 
50 . 0 0 
82 . 0 0 
















Table A- 8 .  De s cr ipt ive St at ist ic s for 
Leavenwort h  T ib iae ( Bot h Sexe s ) .  
Standard M in imum 
N Mean Deviat ion Var iance Value 
2 3  374 . 65 2 5 . 74 662 . 69 340 . 0 0 
2 3  36 . 39 4 . 0 0 16 . 0 6 31 . 0 0 
2 3  2 3 . 34 1 . 8 7  3 . 5 0 2 0 . 0 0 
2 3  12 0 . 82 10 . 36 10 7 . 42 10 6 . 0 0  
2 3  94 . 9 5  8 . 13 66 . 22 82 . 0 0 
2 3  8 5 . 39 7 . 31 5 3 . 52 72 . 0 0 
2 3  7 8 . 7 3 6 . 22 38 . 74 68 . 0 0 
2 3  24 . 65 2 . 16 4 . 69 2 0 . 0 0 
2 3  29 . 9 5  2 . 61 6 . 8 6  24 . 0 0 
2 3  40 . 91 3 . 43 11 . 81 33 . 0 0 
2 3  49 . 69 4 . 10 16 . 8 5 42 . 0 0 
2 3  41 . 69 2 . 91 8 . 49 37 . 0 0 
2 3  7 5 . 39 5 . 81 33 . 79 65 . 0 0 




414 . 0 0  
42 . 0 0 
2 6 . 0 0  
137 . 0 0 
10 5 . 0 0 
9 6 . 00  
8 6 . 0 0 
2 8 . 0 0 
34 . 0 0 
47 . 0 0 
5 8 . 0 0 
47 . 0 0 
8 3 . 0 0 
















�able A-9. Descriptive Statist ics for 
Mobridge Female Tibiae. 
Standard Minimum 
N Mean Deviation Variance Value 
27 341. 51 9. 48 90. 02 32 1. 00 
27 32 . 62 2. 00 4. 01 29. 00 
27 22. 44 2 . 08 4. 33 18. 00 
27 109. 66 9 .47 89. 84 97. 00 
27 88. 2 9  5. 85 34. 29 78. 00 
27 79. 18 4 . 13 . 17. 07 72. 00 
27 74. 88 5. 23 27 . 41 66. 00 
27 24. 00 1. 73 3. 00 2 1. 00 
27 27. 81 l. 59 2. 54 24. 00 
27 38. 44 2. 08 4. 33 35. 00 
27 45. 70 l. 93 3. 75 42 . 00 
27 38. 37 1. 90 3. 62 35. 00 
27 69. 11 2. 99 8. 94 65. 00 









88 . 00 























Table A- 10 . De scr ipt ive St at ist ics  for 
Lar son Female T ibiae . 
St andard Min imum 
N Mean Deviat ion Var iance Val ue 
7 8  349 . 2 6  2 0 . 67 42 7 . 49 30 1 . 0 0  
7 8  31 . 51 2 . 2 1  · 4 .  9 0  2 7 . 0 0 
7 8  2 1 . 0 0 1 . 7 1 2 . 9 3  17 . 0 0 
7 8  111 . 30 9 . 9 7  99 . 56 87 . 0 0 
7 8  8 4 . 05 5 . 2 0 2 7 . 14 7 3 . 0 0 
7 8  75 . 67 4 . 72 22 . 32 66 . 0 0 
7 8  72 . 02 4 . 79 22 . 9 6  63 . 0 0 
7 8  2 3 . 4 4 1 .  67 2 . 82 19 . 0 0 
7 8  2 7 . 9 3  1 . 9 4  3 . 7 7  2 4 . 0 0 
7 8  37 . 4 4 2 . 2 7  5 . 15 31 . 0 0  
7 8  4 4 . 8 3 2 . 50 6 . 2 7  38 . 00 
7 8  37 . 85 2 . 13 4 . 56 34 . 00  
7 8  68 . 38 3 . 4 5 11 . 95 62 . 00 
7 8  22 . 25 7 . 9 1  62 . 66 -2 . 0 0 
1 7 7  
Maximum 
Value 
388 . 0 0 
39 . 00 
2 4 . 0 0 
139 . 00 
9 8 . 0 0 
8 8 . 0 0 
82 . 0 0 
2 8 . 0 0 
33 . 0 0 
4 3 . 0 0 
52 . 0 0 
42 . 0 0 
7 7 . 0 0 
















Table A- 11 . Descr ipt ive Stat ist ics for 
Leavenwort h  Female Tibiae . 
Standard Minimum 
N Mean Deviat ion Variance Value 
7 349 . 57 9 . 7 7 95 . 61 340 . 0 0 
7 31 . 42 0 . 7 8 0 . 61 31 . 0 0  
7 22 . 28 1 . ·1 0  2 . 9 0  20 . 0 0 
7 115 . 28 9 . 26 85 . 9 0 106 . 0 0 
7 85 . 42 2 . 69 7 . 28 82 . 0 0 
7 76 . 57 4 . 27 18 . 28 72 . 0 0 
7 72 . 0 0 3 . 36 11 . 33 68 . 0 0 
7 22 . 14 1 . 7 7 3 . 14 20 . 0 0 
7 26 . 57 1 . 61 2 . 61 24 � 0 0 
7 37 . 42 2 . 43 5 . 95 33 . 00 
7 45 . 7 1 1 .  9 7  3 . 9 0  42 . 00 
7 38 . 7 1  1 . 11 1 . 23 37 . 0 0 
7 68 . 0 0 3 . 46 12 . 0 0 65 . 0 0 
7 23 . 85 6 . 20 38 . 47 17 . 0 0 
1 7 8  
Maximum 
Value 
367 . GO 
33 . 0 0 
25 . 0 0 
126 . 0 0 
9 0 . 0 0 
85 . 0 0 
7 7 . 0 0 
25 . 0 0 
29 . 0 0 
41 . 00 
48 . 0 0 
40 . 0 0 
75 . 0 0 
















Table A-12. Descriptive S t at ist  i1.,.. S for 
Mobridge Male Tibiae. 
Standard Minimum 
N Mean Deviat ion Variance Value 
26 383. 23 16. 31 266. 02 340. 00 
26 38. 96 2. 42 5. 87 34. 00 
26 24. 00 1. 78 3. 20 2 1. 00 
26 123. 07 8. 99 80. 87 109. 00 
26 100. 30 5. 73 32 . 86 88. 00 
26 90. 53 4. 71 22. 2 5  79. 00 
26 83. 46 3. 61 13. 05 74. 00 
26 2 5. 23 1. 60 2 . 58 22. 00 
26 31. 53 1. 63 2. 65 29. 00 
26 42. 53 2. 42 5. 85 38. 00 
26  51. 57 2. 70 7. 29 47. 00 
26 42 . 19 1. 52 2. 32 40. 00 
26  77. 46 3. 26 10. 65 70. 00 

































Table A- 13. Des cript ive S t at ist ics for 
Larson Male Tibiae. 
Standard Minimum 
N Mean Deviation Variance Value 
78 376. 64 18. 09 327. 37 341. 00 
78 37. 84 2. 27 5. 17 31. 00 
78 23. 29 1. 74 · 3. 04 19. 00 
78 119. 80 8. 62 74. 41 96. 00 
78 97. 33 4. 86 23. 62 84. 00 
78 88. 98 4. 48 20. 11 78. 00 
78 81. 52 4. 62 2 1. 36 70. 00 
78 2 5. 55 1. 87 3. 49 2 1. 00 
78 31. 00 2. 2 5  5. 09 24. 00 
78 42 . 57 2 . 47 6 . 14 34. 00 
78 50. 26 2. 38 5. 70 44. 00 
78 42. 19 2 . 39 5. 71 36. 00 
78 77. 38 3. 00 9. 01 69. 00 

































Table A-14. Descriptive Stat istics for 
Leavenworth Male Tibiae. 
Standard Minimum 
N Mean Deviation Variance Val ue 
16 385. 62 22. 62 511. 7 1  343. 00 
16 38. 56 2. 60 6. 79 34. 00 
16 23. 81  1. 79  3. 22  2 1. 00 
16 123. 2 5  10. 12 102. 60 106. 00 
16 99. 12 5. 77 33. 31 89. 00 
16 89. 25  4. 35 19. 00 79 . 00 
16 8 1. 68 4. 67 2 1. 82 72. 00 
16 25. 75 1. 18 1. 40 2 4. 00 
16 31. 43 1. 15 1. 32 30. 00 
16 42 . 43 2. 60 6. 79 38. 00 
16 51. 43 3. 53 12. 52 46. 00 
16 43. 00 2. 4 4  6. 00 40. 00 
16 7 8. 62 2. 84 8. 11 7 5. 00 




4 16 . 0() 






2 8. 00 
34. 00 
47. 00 





Variable ftlL APN 
TML 1 . 0000 
APN 0 . 4017 1. 0000 
NLN 0 . 3721  0 . 3955 
ITN 0 . 5126 -0.0241 
CNF o . un 0 . 1511 
CMS 0 . 3951 0. 7620 
CMH 0 . 2193  0 . 5925 
MDA 0 . 2 193  0 . 1410 
LDA 0 . 2161 0 . 253:Z 
BDA 0 . 4052 0 . 4691 
DMC 0 . 499 1 0 . 4 217 
DLC o .uot 0 . 3856 
BPA 0 . 4 191  0 . 5420 
TTA 0 . 1612 -0 .0591 
NLN 
1 . 0000 
0 . 002 5 
Table •- 1 . Pooled Wlthin-Oroup• Correlat ion Matrix . 
ITN CNF CNS CMH NOA LDA 8DA 
1 . 0000 
0 . 7051 -0 .0482  1 . 0000 
0 . 5134 0 . 14 2 1  0 . 1546  1 . 0000 
0 . 6152 0 . 1515  . 0. 7680 0 .  7934 
0 . 001, 0 . 1152  0 . 1404 0 . 1025 
0 . 1591 O . U ll 0 . 2102 0 . 2353 
0 . 3561 0 . 1661 0 . 5296 0 . 5513 
0 . 294' 0 . 2135  o .uu 0 . 4 167 
0 . 3219 0 . 2521  0 . 4408 0 . 3986 
0 . 3149 0 . 2043 0 . 5998 0 . 6055 
1 . 0000 
0 . 1607 1 . 000 
0 .  2764 o . uoo 
o . 5518 · o . 3123 
0 . 4 36 5  0 . 3 392 
o . un 0 . 2406 
0. 5532 0 . 3426  
1 . 0000 
0 .  4188 1 . 0000 
0 . 4441  0 . 6149 
0 . 4086 0 . 5215 
0 . 4 500 0 . 7024 
DHC DLC BPA 
1 . 0000 
0 . 6344 1 . 0000 
0 . 6115 0 . 6483 1 . 0000 
0 . 2339 -0 .011' 0 . 0241 -0 . 0129 0 . 0113 -0 . 1080 0 . 0197 -0 . 0642 -0 . 2159 -0 . 0161 -0 . 1619 
TTA 
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